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INTRODUCTION 
The Skunk River is "becoming one of the most thoroughly 
investigated rivers in the State of Iowa. Zach (I968), Laser 
et al. (1969), and Coon (1971) studied fisheries aspects of 
the basin; the U. S. Army Corps of Engineers (1964), and 
Wells (1956) discussed flood control; Zimmer (1976) studied 
invertebrate drift; Dougal (1969) and Dougal et (1971) 
studied hydrology and water quality standards; while Jones 
(1972), Jones et (1974), Bachmann and Olson (1973), and 
Swanson (197^) discussed various limnological aspects of the 
river, limnology and ichthylogy, the proposed Ames Reservoir, 
and central Iowa drainage basin, respectively. Shobe (1967) 
studied the effects of the Ames sewage effluent on periphyton 
communities in the Skunk River, and Dyko (1973) and Dyko and 
Tiffany (1972) investigated the aquatic fungal flora. None 
of these studies, however, were concerned with algal 
floristics of the basin. The original purpose of this 
dissertation, then, was to fill this gap in our knowledge of 
this river system. 
The Skunk River lies completely within the State of Iowa, 
originating in northeastern Hamilton County and merging with 
the Mississippi River near Burlington. Sampling stations were 
located along a 50 km reach between the border of Hamilton and 
Story counties southeast to the town of Cambridge. For a 
description of this portion of the Skunk River and basin, see 
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Jones (1972), and for the central Iowa drainage basin, 
Swanson (1974). 
A second phase of study was initiated when it became 
apparent from a literature review summarized below that one 
particular periphyton community, the epipelon, was very 
important in the river but had never been investigated in 
detail in North America. The last two years of the study were 
devoted therefore to further characterizing this community and 
its relationship to the phytoplankton. 
In the mid-1960's the U. S. Army Corps of Engineers 
proposed the construction of a multipurpose reservoir which 
would inundate approximately the northern half of the study 
area. The proposal failed to pass referendum, but is due for 
réévaluation near the turn of the century. It seemed 
advisable to gather baseline data on the algal communities 
for later comparison to determine the effects of impoundment 
on the flora of the river. 
On 27 June, 1975 the largest flood on record occurred in 
the Skunk River and its tributary. Squaw Creek, at Ames, Iowa. 
Two to three inches of rain fell 36 hours prior to 25 June, 
and then, on 26 June, another 3-3 inches fell within 1.5 
hours. These two "back to back" events resulted in a flood 
of magnitude not expected to occur more than once in a 100 
year time span (M. Dougal, personal communication). Squaw 
Creek discharged 11,500 ft^/sec and the Skunk River 
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approximately 15,000 ft^/sec at peak flood. I took that 
opportunity, then, to investigate the rate at which algal 
communities, in particular the phytoplankton, were able to 
recover from such a flood. 
Bovbjerg (1970) expressed the need for comprehensive 
studies of Iowa's rivers to aid the state in evaluating the 
progress of water quality control. This dissertation, then, 
contributes partially to the fulfillment of this need. 
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MATERIALS AND METHODS 
Seven sampling stations were chosen in February, 1972 
with the aid of Dr. John R. Jones, then of the former 
Department of Zoology and Entomology, Iowa State University. 
Five of the seven stations are the same as those of Jones 
(1972). All sampling stations are located at county bridge 
crossings (Table 1, Figure 1). 
Stations 1, 6, and 7 were selected for studies of the 
epipelic diatom flora at these sites. The substrate was 
composed of very fine sand and silt and usually supported an 
established algal flora along the water line. Stations 2, 3» 
and 4 were characterized by a rocky-riffle-pool habitat. The 
epilithic periphyton community was sampled at these locations. 
Plankton was taken during the sampling period at all stations, 
A preliminary floristic study of the plankton, epilithic, 
and epipelic periphyton communities was made from February, 
1972 through December, 1972. Samples were taken from all 
stations at least every two weeks, and often weekly, except 
during periods of flood. Because the second phase of the 
study was limited to the study of the plankton and epipelon, 
samples were taken only during low flow conditions when the 
epipelon was present, and then usually at two week intervals. 
The second phase was initiated in March, 1974 and terminated 
in October, 1975-
Figure 1. Map of a portion of the Skunk River, Iowa, showing 
the location of sampling stations (after Jones, 
1972). 
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STORY 
CITY 
Keigley 
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Bear Greek 
Squaw dreek 
Walnut Grove Creek 
CAMBRIDGE 04-7 
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Table 1. Sampling stations along the Skunk River, Iowa. 
Jones (1972) Present Study Location 
A 1 SEi sec. 36, T86N, R24w at 
Riverside Bible Camp, Story 
City, Iowa 
- 2 SW4 sec. 18, T85N, R23W at 
bridge of county road 221 
2 3 SEi sec. 6, T84N, R23W at 
Sopers Mill 
3 4 SW| sec. 23, T84N, R24W at 
county bridge near Sleepy 
Hollow rest station, 270 m 
below U.S.G.S. gaging station 
5 SW% sec. 12, T83N, R24W at 
U.S.G.S. gaging station below 
confluence of Squaw Creek 
5 6 NW| sec. 30, T83N, R23W at 
county bridge crossing 1.6 km 
below Ames effluent 
7 7 NWi sec. 27, T82N, R23W at 
county bridge crossing 
8 
Phytoplankton 
Two methods were used to sample the plankton. During the 
preliminary study, net plankton was obtained by pouring 3 
quarts (2.84 liters) of water taken 10-20 cm below the surface 
through a #25 silk bolting cloth plankton net. This method 
was abandoned during the second phase in favor of the 
collection of bottle plankton; A 200 ml polyethelene bottle 
was filled by immersing it 10-20 cm below the surface as near 
to the center of the river as possible. One hundred ml of 
this sample was saved for chemical analysis and 100 ml was 
treated with Lugol's solution as a preservative and 
refrigerated for later plankton analysis. The 100 ml plankton 
subsample was centrifuged in an IEC International centrifuge 
at approximately 3>000 rpm for 10-20 minutes. At low rpm, 
centriiugation did xio'L. damage either the fragile colonial 
forms or lightly silicified diatoms. 
Two methods were used for enumerating phytoplankton 
samples. During the Initial phase, a modification of the 
method of Lackey (1938) was used to determine qualitative as 
well as quantitative estimates. Two drops (approximately 
.16 ml) of the 25 ml net plankton concentrate was placed on a 
standard microscope slide and covered with a No. 1 coverslip. 
Water was allowed to evaporate until it had receded under the 
coverslip. The coverslip was then ringed with transparent 
fingernail polish to prevent further desiccation. The entire 
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2 48^ mm of the coverslip was then traversed at a magnification 
of 538 X. Up to 2,500 algal units per slide were observed 
using this technique. One disadvantage was that counting 
times sometimes exceeded four hours for a single sample. For 
this reason, the nannoplankton counting chamber (Palmer and 
Maloney, 195^) was used during the second phase of the study. 
The 100 ml samples of bottle plankton were concentrated 
by centrifugation to 5-10 ml. Well mixed, preserved, 0.1 ml 
subsamples of this concentrate were placed into the chamber 
and 20-50 Whipple fields were counted at 430X magnification. 
The algae were usually identified to species with the 
exception of some diatoms which can be identified only in 
permanent preparations. Some diatom species, e.g. Nitzschia 
acicularis, Surirella iowensis, and Navicula cuspidata, were 
easily identified from the water mounts. Estimates of 
phytoplankton concentrations were obtained from Weber's 
(1973) equation: 
tally X 1000 mm^ 
algal units/ml = 
volume of chamber X 
# counted fields X 
dilution factor 
The precision and accuracy of the counting techniques 
were determined for the quantitative plankton samples. On 
^An algal unit is one cell of a unicellular organism, or 
one colony of a colonial form or one filament of a filamentous 
form. 
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three occasions, "bottle plankton samples were collected near 
the east, west, and middle portions of the river. An analysis 
of variance and "F" test showed no difference (P = .05) in the 
quantity of algae in each of these three samples on each 
sampling date, except on one occasion: On 15 February, 1976, 
during very low flow conditions, three 100 ml plankton samples 
were collected at station 4 across the 10 meter width of the 
stream. Three replicate counts of total algae were made from 
each sample. The analysis of variance showed that a real 
difference (P = .005) occurred in the quantity of algae present 
in the samples (Table 2). 
Table 2. Data from the three plankton samples collected on 
15 February, 1976 at station 4. Numbers are algal 
units/ml. 
rep. 1 1585 2430 2305 
rep. 2 1445 2364 244l 
rep. 3 1538 1970 2169 
The concentration of algae in sample 1 from the west side 
of the stream was less than that in the other two samples. 
This indicated that when the concentration of algae becomes 
low, either the sampling or counting technique is not accurate, 
or there indeed may be a real difference in the concentration 
of plankton algae in different sides of the stream. 
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Epilithic Periphyton 
Epilithon was collected at stations 1, 2, 3> and 5 where 
rock or concrete substrates were present. Samples were taken 
by scraping one to several rocks with a pen knife or scalpel. 
They were then transported to the laboratory for examination 
while still fresh. The samples were first observed by placing 
the material in a petri plate for examination with a binocular 
dissecting microscope at 6o X magnification. Once having 
become familiar with them, most filamentous forms could be 
identified at this magnification. Troublesome taxa were 
examined at higher magnification with a compound microscope. 
Subsamples were also routinely scanned at high magnifications 
for small and rare species. Only a few species were usually 
present and these in large quantity. Thus, their relative 
aoundances were easxly tits Lj-nici utjo.. xuey wèi'è assigned uO ths 
categories listed in Table 3. 
Table 3- Relative abundance categories for species of 
epilithic periphyton. 
Category FroporLiun uf Community 
Dominant (D) >50^ 
Abundant (A) 2$^ - 50^ 
common (c) 10% - 2^% 
rare (r) 
present (p) <5^ 
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After examination, roughly half of the sample was 
preserved in Transeaus solution (6 parts HgOO parts EtOH: 
1 part commercial formalin). 
Epipelic Periphyton 
The epipelon was most abundant at stations 1, 6, and 7» 
but was found during periods of low flow at all stations. 
Samples were taken at approximately the same places at each 
of the three major stations to minimize the effects of 
microhabitat differences. A large household plastic baster 
and a medicine dropper were used to obtain these samples. 
The baster or dropper was passed over the sediments and a 
mixture of sand, silt, diatoms, and overlying water was taken 
by suction. Samples of this community were usually taken in 
very shallow water, but the community sometimes extended to a 
depth of 30 cm when turbidity and flow were low. The 
epipelon was placed in 2 ounce glass screw topped jars and 
transported to the laboratory. The bottles were placed in a 
refrigerator for 2-5 hours. During this time, the motile 
species moved to the surface of the sediments and appeared 
as a thin brown layer. Excess water was removed and the 
algae could then be removed from the surface with a medicine 
dropper. Half of the sample was preserved in Transeaus 
solution and half was prepared for detailed microscopic 
analysis. Prior to cleaning, subsamples were scanned to 
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determine percent of diatoms which were living and to identify 
non-diatom components of the community. 
Suitable samples were oxidized in either 30^ hydrogen 
peroxide with potassium dichromate (van der VJerff, 1955) or 
concentrated nitric or sulfuric acids. Hydrogen peroxide 
cleaning often destroyed lightly silicified forms (e.g. 
Nitzschia acicuiaris, Cylindrotheca gracilis, and Navicula 
pelliculosa) so acid cleaning was used exclusively in the 
second phase of the study. Both acids worked equally well 
with or without the addition of the potassium dichromate. 
Samples were gently boiled for 30 minutes to one hour, cooled 
and repeatedly decanted with distilled water until pH 5 was 
achieved. Small aliquots of the cleaned material were dried 
on No. 1 22 mm coverslips and mounted in Hyrax mounting 
medium to a standard microscope slide. 
At least 500 frustules or valves were identified and 
counted from each collection. A series "R" Bausch & Lomb 
binocular research microscope equipped with a N.A. 1.40 
achromatic condenser and a 98X N.A. 1.30 flourite objective 
was used throughout the study. 
Replicate "500" counts were made from a number of 
epipelic collections to determine the precision and accuracy 
of the counting technique. Table 4 lists the percent 
occurrence of the seven most common taxa encountered by 
14 
enumerating and identifying approximately 500 frustules from 
one permanent preparation four separate times. 
Table 4. Four replicate "500" counts from epipelon sample 
6(3)K 2d from station 6, Skunk River, Iowa on 
29 April, 1972. 
Taxon Rep. 1 (^) 
Rep. 2 
(92) 
Rep. 3 
(^) 
Rep. 4 
(92) 
NitZiSchia 
subcapitellata 
51 53 50 51 
N. acicularis 7 6 7 9 
Navicula 
pelliculosa 
7 7 8 6 
N. lanceolata 6 4 5 5 
Nitzschia linearis 2 2 4 3 
Navicula biconica 2 4 3 4 
Pinnuiaria 
brebissonii 
3 1 2 2 
To determine if all permanent preparations made from a 
collection of epipelon were the same, i.e. contain the same 
proportion of taxa, three different preparations (slides) were 
made and a single "500" count was made from each (Table 5)-
During the first year of study, separate microhabitats 
were sampled at the three "epipelon stations" on four 
occasions to determine community differences at different 
depths, light intensities, etc. Table 6 summarizes the 
differences encountered. 
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Table 5> Percent occurrence of the dominant taxa from three 
different slides prepared from one sample of 
epipelon collected at station 1, Skunk River, 
Iowa on 16 April, 1972. 
Taxon $ Slide 1 ^ Slide 2 $ Slide 3 
Surirella ovata 72 65 63 
S. angusta 2 4 3 
S. iowensis 2 4 4 
The results of the analysis of the replicate 500 counts 
and microhabitat samples (Tables 4-6) indicate that the 
counting technique gives an accurate account of the dominant 
taxa in a sample of the epipelon. The greatest variance 
occurred between samples from different microhabitats at the 
same station (Table 4) and samples taken at different stations 
on the same date. Valuable information concerning the 
autecology of species can be obtained from the analysis of 
these habitats, but unfortunately because of time limitations 
it was impossible to routinely analyze more than one sample 
from each station per collecting trip. For that reason, 
samples were taken routinely at the most common microhabitat 
(usually just along the margin of the river in unshaded 
portions) at any one station. 
Sometimes different microhabitats supported similar 
communities (e.g. samples l(l)H and 1(2)H, 1 April 1972; 
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Table 6. Percent occurrence of the most common epipelic 
species present in different microhabitats at the 
same station on the same date. 
1 April 1972 
1(1)H^ 1(2)H^ 
Surirella ovata 72 71 
S. iowensis 1 4-
Nitzschia subcapitellata 4 6 
S. ansusta 2 3 
8 September 1972 
6(2)Y^ 6(3)Y^ 
Navicula lanceolata 3 3 
Nitzschia subcapitellata 6 l6 
N. acicularis 68 39 
S. ovalis 5 17 
Cymatopleaura solea 7 9 
29 July 1972 
8(2)U^ 8(3)U^ 
Navicula cincta 3 0 
Nitzschia subcapitellata 65 70 
Navicula pupula 3 1 
^No habitat data. 
^No habitat data. 
"^Submersed epipelon, shaded area along west branch of 
river. Depth 2-3 cm, dark brown color. 
^Emersed epipelon, light brown color on black soil. 
Anaerobic conditions. 
^Epipelon in moving water under east side of county-
bridge. 
f 
Epipelon 20 meters downstream from bridge in pool which 
is open to river at the lower end. 
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Table 6 (continued) 
Taxon Samples 
24 September 1972 
6(2)AAG 6(3)AAh 
Navicula lanceolata 2 4 
Nitzschia subcapitellata 68 49 
N. acicularis 11 24 
Cymatopleura solea 3 1 
^Epipelon in moving water and small sheltered pool. Dark 
brown color, depth 1 cm. 
^Epipelon in stagnant pool under bridge in 1-5 cm water. 
samples 8(2)U and 8(3)U, 29 July 1972). The microhabitats at 
station 6, however, supported very dissimilar communities 
(Table 6). 
Eaton and Moss (1966) did a similar study using analysis 
of variance to determine specifically the sources of error 
in their studies. Their results also showed the greatest 
variance occurred between samples, although their sampling 
technique was very unlike the one used in this study. 
Most members of the epipelon were of the genus Nitzschia 
which includes some of the most finely striated species of 
diatoms. Thus, it became essential to immerse the condenser 
as well as the objective in immersion oil in order to resolve 
their structure. A light microscope thus equipped can 
resolve 39 striae in 10 |im when the condenser is oiled, but 
only 30 when it is not. The majority of Nitzschia species 
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encountered in this study had between 30 and 4o striae in a 
10 jam length of the valve and to achieve accurate identifica­
tion it was necessary to achieve the highest resolution 
possible. Resolution potentials were determined using the 
equations in Meek (1970); 
0.612 X 
where: R.P. (resolving power) = (equation 1) 
n sin a 
and: A =.550 (green light) 
n sin a = N.A. (numerical aperture) 
definition; N.A. in air =1.00 
therefore; minimum N.A. of system with an unoiled condenser 
equals 1.00 
from equation 1, R.P. with unoiled condenser 
equals 0.3^ equivalent tn 10 striae 
in 10 |im 
minimum N.A. of system with oiled condenser 
equals 1.30 
from equation 1, R.P. with oiled condenser 
equals 0,26 um, equivalent to 39 striae 
in 10 (im 
Electron Microscopy 
Two methods were used to prepare epipelic diatoms for 
transmission electron microscopy. A portion of cleaned 
material was recleaned in 30% HpOp to further oxidize any 
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remaining organic material and to separate the valves of the 
diatom frustule. This recleaned material was placed directly 
on parlodian or formvar coated 100 or 200 mesh grids. After 
air drying, the samples were ready for direct observation. To 
gain a different view of the diatoms, carton replicas were pre­
pared following a variation of the method of Wiemers (197^)-
While Wiemers had more success with formvar, I had more success 
with parlodian as the plastic substrate. Formvar tended to 
dissolve too rapidly in chloroform causing the carbon film to 
tear on the grids. Parlodian dissolved slowly in vapors of 
iso-pentyl acetate and caused little damage to the replicas. 
The grids were placed in a petri plate on filter paper, and 
drops of solvent were added to the filter paper surrounding 
the grids, but not to the grids themselves. After the paper 
became yuuurated the parlodian dissolved within 15 minutes. 
Some replicated samples were shadowed with 80/20 
platinum-palladium. The method described in Wiemers (197^) 
was followed exactly. In most cases, shadowing with heavy 
metal did not provide more information, so the technique was 
soon abandoned. 
Wiemers (197^) stated that mixing the diatom suspension 
while drying upon the grids allowed some valves to settle 
with the valve surface upright. In spite of efforts to mix 
the material, most micrographs are of the interior view of the 
valves of the specimens of Nitzschia. 
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Light micrographs of the majority of species of Nitzschia 
were generally unsatisfactory and, therefore, line drawings 
were made of the majority of species. Each drawing was made 
at a magnification equal to 100 times the number of striae in 
10 (_im. In this way, the striae could "be drawn 1 mm apart 
regardless of magnification. By adjusting individual 
magnification when the drawings were photocopied, all the 
drawings were then reduced to the same magnification. 
Zip-a-Tone and Artype contact paper containing parallel lines 
24 per inch was used for striations in the majority of 
drawings. Because most Nitzschia species have fine linear 
striae, these lines closely resemble their actual appearance. 
A shortcoming of this method is that the curved nature of the 
striae at the apices cannot be reproduced. 
Chemical and Physical Measurements 
During the initial phase of the study, turbidity, current 
velocity, conductivity, and temperature measurements were made 
at each station. Turbidity and conductivity were determined 
with the Hach portable engineer laboratory model DR-EL. 
Temperature was measured with a metric mercury thermometer 
and current velocity determined with a Kahlsico current meter 
No. 232WA200. Current speed determinations were made as close 
to mid-stream as possible. Chemical data was provided by the 
City of Ames Water Pollution Control Plant Laboratory. They 
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sampled weekly at stations 5 and 6 (above and below the 
effluent) throughout the period of study. Data summaries 
these parameters appear in Appendix I. 
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LITERATURE REVIEW--EF'IPELON 
Comere's (1913, in Round, 1957a) use of the term 
"epigees" to describe the organisms living on the underwater 
soils was presumably one of the first attempts to classify 
these organisms as a community, known today as the epipelic 
periphyton, or epipelon. Although the community has been 
recognized for many years in both fresh and saltwater 
environments, little research has been done to characterize 
it. The great majority of reports agree that it is dominated 
by motile diatoms, mostly of the genera Nitzschia, Navicula 
Surirella, Pleurosigma, Gyrosigma, Gymatopleura, and 
Stauroneis (Aleem, 1950; Round, 1953, 1957a, 1957b, 1956, 
i960. 1972: Round and Happey. ! 965; Round and Palmer, I966; 
Round and Eaton, 1966; Lund, 1942; Hopkins, 1963; Smyth, 
1955; Hickman, 1971; Blum, 195^) although filamentous blue-
green algae, green algae (mostly desmids), and euglenoids are 
sometimes abundant. 
Seasonal Periodicity 
Very little data are available on the seasonal 
periodicity of this community because the majority of 
investigations were concerned only with individual species 
or short term experiments. Round (1972) stated that actual 
seasonal succession of nonplanktonic algal populations has 
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yet to "be closely documented "because continuous two year 
observations are a minimum requirement. 
Smyth (1955) and Aleem (1950) agreed that in non-lotic 
saline environments the epipelic diatom flora remains fairly 
constant, although species may vary in abundance seasonally. 
Bracher (1929) found the proportion of diatoms species 
remained constant year round on the River Avon's banks near 
Bristol. They all agreed that the winter flora was relauively 
depauperate. Moss (1969), while studying the standing crop 
of epipelon in fresh water ponds, found that the seasonal 
distribution of epipelic periphyton was different in marginal 
and deeper water. Round (1953) described the epipelic 
association in a lake in the English Lake District. Diatoms 
were most abundant in the early spring and autumn, while 
ulue-grewn algaè peaked in later spring, and green algae in 
May and August. 
Round (1972) studied the epipelon in two small ponds 
over a three year period. He discussed the periodicity of 
seven of the more common taxa which also occur in the Skunk 
River, Iowa: Nitzschia acicularis (summer form), N. dissipaba 
(winter/spring form), Galoneis amphisbaena, Wavicula cuspidata, 
Navicula pupula (cold water/low light conditions), Navicula 
cryptocephala, and Nitzschia palea (extended growing ranges). 
Round (1971) envisioned four growth periods corresponding to 
four "shock periods" in a year. Only a few species could fit 
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into these periods. The great majority showed more erratic 
periodicity (Round, 1972). Furthermore, some species were 
undetectable during one or more years. He hypothesized that 
some other controlling factors were at work in these instances. 
Primary Production 
Primary productivity and standing crops of epipelic 
communities have been estimated using carbon l4 and chlorophyll 
a= Moss (1969) and Hickman (1971) found the mean primary 
production at different depths in small ponds ranged from 
0.99 to 2.17 mg C/hr/m^, and the standing crops (mg chlorophyll 
a/m ) ranged from 2.1 to 5-2. In a more eutrophic pond, they 
found a much greater range of values: I.38-I3.6 mg chlorophyll 
^m^ and O.17 to 6.23 mg C fixed/hr/m^, respectively. Swanson 
(197^) estimated the average standing crop of benthic 
2 
chlorophyll a on mud in the Skunk River at 330 mg/m , a value 
almost double of any other substrate category. He stated his 
values agree well with other reports of river investigations, 
but were well over an order of magnitude greater than the 
maxima reported by Moss (I969) and Hickman (I97I). Hickman 
and Round (1970) compared the primary production of epipelic 
and epipsammic algae in the littoral zone of a lake. The 
standing crop and productivity of the epipsammon was always 
greater than the epipelic community. The mean productivity 
was 0.52 and I.72 mg C/hr/m^ versus 48.7 and 19.9 mg C/hr/m^ 
for the two communities. The standing crops (mg Chi. 
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were 2.57 and ^.9 for the epipelon, and 106.6 and 60.1 for the 
epipsammon during each of two years. 
Taylor and Palmer (I963) and Taylor (1964) reported the 
productivity of intertidal "benthic diatoms. They determined 
that photosynthesis can proceed at maximum with only l^fo of 
midday insolation. COp fixation was 35^ of maximum at 1% of 
incident insolation, equivalent to "burial under 3 mm of 
sediment. Diatoms buried under 1.5 mm of sediment are able 
to photosynthesize greater than of potential. 
Hopkins (I963) found that "fine mud supports more diatoms 
than coarse mud and that the community on fine mud is nearer 
the surface, probably because of the more rapid extinction 
of light in this substrate." 
Harper (1969), while investigating the epipsammon, 
dexermined xhat the photic zone "would rarely extend Lu a 
depth of 2 mm" although he gave no indication of the values 
of incident raditation. 
Vertical donation 
Depth of burial in sediments is therefore an important 
ecological factor in the epipelon. Bracher (1929) noted that 
diatoms were effected by rainfall more than Euglena because 
Euglena could burrow into the mud more rapidly. Smyth (1955) 
inserted microscope slides vertically in the mud to determine 
the depth of diatom colonization. The densest colonization 
was 1-3 mm above the surface of the mud but some cells were 
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present down to 7 mm. Aleem (1950) produced similar results, 
finding that diatoms mostly occurred within the top 2 mm of 
mud, "whether they were present on the surface or not." 
Diatoms were found to depths of 14 mm in his experiments. 
Aleem hypothesized that, because diatoms produce gelatinous 
secretions, they reduced the danger of "being washed away. 
Hopkins (1963) determined that 60^ of the diatoms occurred 
within the top 2 mm and 96^ in the top 4 mm of both coarse 
and fine muds. He further showed that the community "moves 
less than 1 mm toward the surface of estuarine muds, although 
the color changes noticeably." Palmer and Round (1965) also 
found the majority of diatoms in the top 3 mm of sediment. 
Diatom Movement 
Hopkins (I963) investigated the horizontal velocities of 
diatoms in estuarine mud flats. He found that species differ 
in their mobility, with ranges between 50-920 mm x 10 ^ /sec 
at different temperatures and light/dark regimes. Most 
species stopped movement after 24 hours in darkness. Round 
and Palmer (1966) noted that the median rates 01 uialoiii 
movement given by Hopkins (I963) would allow diatoms to move 
through 3 mm of sediment in 10 min. Although all authors 
indicated that the great majority of diatoms were motile in 
the epipelic community, Harper (1969) indicated that only 
59% of the diatoms at the surface of the epipsammon were 
motile, while 90-97^ at 2-10 mm depth were sessile. 
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Williams (1965) found four species of pennate diatoms which 
moved in and out of marine sediments inside tubes at a maximum 
rate of 500 (im/sec. 
Temperature Effects on Movement 
In the great majority of biological rhythms studied, the 
period has been unaffected by temperature. It has usually 
been assumed that there is a compensating system built into 
biological clocks to correct for temperature changes. Others 
have postulated that the rhythm is controlled by physical 
rather than chemical processes, partially because of the lack 
of influence of temperature (Palmer and Round, I965). They 
found that the diurnal rhythm was inhibited at 2°C in Euglena, 
but between 5° and 15° the rhythm was unaffected. At higher 
temperatures (18.5°C): the period was lengthened, but instead 
of finding "the direct relationship between rate and 
temperature" which would be expected in metabolic systems, 
temperature differences showed almost no effect on the rhythm. 
Bracher (1929) found approximately the same results, but 
determined that the rhythm would continue up to a temperature 
of 35-^0°C. Aleem (1950) stated "that there was no evidence 
that 25°C and 5°C temperatures could cause the disappearance 
of diatoms," but he did not study the effects in rhythm. 
Round and Palmer (1966) reaffirmed their previous results but 
found that sudden changes "from low to high temperature induced 
a shift in the 'biological clock' of some species." Hopkins 
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(1963) found that the velocity of certain diatoms increases 
when the temperature is raised from near 0°C to 17.5°C, but 
did not increase past that temperature. Hickman (197^) studied 
the effect of thermal effluent from a power station on the 
epipelon. He found increased temperature increased the "biomass 
of the community, probably due to an increase in Oscillatoria, 
while the number of diatoms species were reduced. Bracher 
(1929) found that in cold weather, diatoms did not recover 
rapidly after flooding. 
Vertical Rhythmic Migrations 
The majority of research on the epipelon has been 
concerned with the factors effecting the migrations of this 
community into and out of the sediment. Most of the 
investigations have been on marine or estuarine environments. 
The presence of a biological clock mechanism was 
unsuspected by most earlier workers (Round and Palmer, I966). 
Bracher's (1929) data suggested that diatoms on tidal river 
banks displayed a tidal rhythm. They burrowed into the mud 
at high tide and were at the surface during low tide. Euglena 
rose to the surface 2 hours after sunrise and disappeared just 
before sunset, therefore exhibiting a diurnal rhythm. 
Herdman (1921), however, noted that Euglena disappeared before 
tidal water reached them, while diatoms remained on the 
surface at high tide. Aleem (1950) was the first to 
systematically investigate these phenomena. He postulated 
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that the disappearance of diatoms from the mud surface in 
tidal areas would be due to changes in water content of the 
substrata, chemical changes in the mud, or changes in light 
intensity. He suggested that the disappearance of diatoms 
with incoming tide is "due to the diminished light intensity 
resulting from the presence of a layer of turbid water above 
the surface." Perkins' (I96O) data, strongly supported Aleem's 
idea, because in another tidal river estuary with less turbid 
water, the rhythm was strictly diurnal, i.e. not effected by 
tides. Hopkins (I963) determined that fluctuations of pH, 
dissolved Op and soluble organic matter did not influence the 
diurnal rhythm of diatoms. Immersion in total darkness, 
however, restricted the movement of all species. 
Palmer and Round (I965) further substantiated that 
light is the most important factor in regulating the riim-nal 
rhythm of epipelon. They prevented the emergence of Euglena 
by artificially darkening the mud with an opaque covering. 
The vertical migration rhythm persisted in the laboratory in 
constant illumination, however, for nearly one month. The 
rhythm was not persistent in total darkness. They suggested 
that the turbid tidal river essentially transferred the 
diurnal rhythm into a tidal one because of the decrease in 
light intensity. The higher the light intensity the greater 
the amplitude of the periodicity, although the period remained 
unchanged. They also noted that Euglena did not actually 
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anticipate tidal covering, "but the phase of the rhythm 
becomes reset during the morning tide so the cells appear 
re-burrow in anticipation of the tide which appears 25 minutes 
later every succeeding day." The phase of the rhythm is reset 
daily by the time at which river banks are uncovered by 
falling tide so the anticipation is simply manifestation of 
the innate rhythm. 
Because the rhythm persists under constant illumination, 
Palmer and Round argue that there must be a diurnal rhythm 
in responsiveness to light, but that photo-responsiveness is 
not just a simple reversal of phototaxy. If the directional 
movement was simply phototactic they should not reburrow when 
put in darkness: i.e. "they would not move at all or would 
assume a random distribution." Therefore they must always 
retain a positive geotaxy. They will appear un the surface 
only when positive phototaxy exceeds positive geotaxy, which 
is approximately 12 hours a day. 
Round and Palmer (1966) continued experiments on the 
diatoms of the tidal rivers. They found that for the most 
part diatoms acted the same way as Euglena. The tidal 
influence was obviously secondary, because when cultures were 
grown in the absence of tidal influence, they exhibited a 
diurnal rhythm only. All species exhibited a diurnal 
migration although there were variations in their movements: 
e.g. some species exhibit a bimodal rhythm and some did not 
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reappear as readily after midday tidal cover. Long dark 
pretreatment of cultures did not effect their later diurnal 
rhythm, supporting the idea that light is a critical factor 
in initiating the rhythm. 
Harper (1969) showed that epipsammic species exhibit 
diurnal rhythms also. However, in the freshwater environment 
they migrated vertically in alternating light and dark 
regimes and alsu in constant darkness. He found that 
epipelic species (Nitzschia spp. and Surirella spp.) moved 
more rapidly between loosely packed sand grains than did the 
epipsammic species, but were unable to navigate densely 
packed sand grains while the epipsammic species could. 
Also, freshwater diatoms on sand grains ceased migrating and 
remained on the surface for a whole week at 750 lux illumina-
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they resumed diurnal migration. This data supports the 
hypothesis of Round and Eaton (1966) that the innate rhythms 
of species differ. 
As the epipsammic population behaved differently from 
the marine littoral epipelic populations, so did the 
freshwater epipelon. Firstly, there appears to be no 
advantage for permanently submerged populations to exhibit 
a diurnal rhythm. Round and Eaton (1966), however, showed 
that a diurnal rhythm does exist in the epipelon of the 
littoral zone of lakes in natural daylight conditions, 
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continuous light, and to a lesser extent in darkness. They 
did not, however, disappear completely from the surface at 
night. The freshwater population did "anticipate" dawn 
by emerging at least two hours before daylight. Diatom 
movement was effected in continuous darkness by the inhibition 
of cell divisions in that regime. Light may not be the 
"trigger" in this environment because; 1) its intensity had 
little effect on the migration, and 2) there was no increase 
in movement after dawn. 
Round and Happey (1965) investigated vertical migration 
rhythms in freshwater streams. The rhythm was similar to 
that in the lentic environment with some notable exceptions; 
1) the rhythm was disturbed under constant illumination, 
2) in continuous darkness the rhythm persisted longer than in 
alternating lighT and dark, and 3) "che rhythm was more 
pronounced in the lotie environment. This last point may be 
simply because river species exhibited more mobility in 
general than did the pond species. Round and Happey attempted 
to explain the rhythm. As in the estuarine environment both 
geotaxis and phototaxis operate, but unlike the estuarine 
diatoms, geotactic sensitivity may vary diurnally. This 
would explain the diurnal migration in total darkness. The 
inhibition of migration under constant illumination is more 
difficult to explain. The authors tentatively proposed that 
too high light intensities will inhibit the rhythm, and that 
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no "self-induced" dark period is achieved in the coarse 
sediments because of greater light penetration. They also 
proposed that light triggers random motility, and to differing 
degrees, induces phototaxy. 
Diurnal Rhythms in Phytoplankton 
A few authors have indicated that river phytoplankton 
also exhibit diurnal fluctuations in abundance. Blum (195^) 
found that the most abundant phytoplankter (Nitzschia palea) 
was most abundant in the plankton around midday and least 
abundant before sunrise. He hypothesized that the production 
of oxygen at midday is the "mechanism for the entry of 
N. palea into the plankton . . . ." He further stated that 
nearly all the planktonic algae were of benthic origin. 
In Iowa, two investigators have shown that Blum's 
hypothesis is probably true. Jones (1972) compared the algal 
genera in plankton and the benthos and found great similarity. 
Swanson (1974), using chlorophyll a, compared the benthic and 
planktonic standing crops in rivers and streams. The 
chlorophyll a export rates suggested that the benthic and 
planktonic communities were closely related and that the 
majority of plankton were probably of benthic origin. 
Mueller-Haeckel (I966, 196?, 1970) showed that benthic 
algae have a tendency, on a diurnal basis, to break from 
substrates and become planktonic, usually during daylight. 
In a more recent paper (1973), however, she determined that 
3^ 
a green alga (Monoraphidium dybowskii) was "night active", 
i.e. had a tendency to be planktonic at night, while the 
diatom Ceratoneis arcus was "day active". She hypothesized 
that a definite Zeitgaber was in operation, and implied that 
plankton drift was not directly related to photosynthetic 
rates, although the Zeitgaber was most probably induced by 
light-dark cycles. 
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RESULTS 
Phytoplankton 
Over 82 taxa from five divisions were recorded from the 
plankton of the Skunk River during 1972 (Table 7). Twenty-two 
genera (excluding the coccoid and Chlamydomonas-like forms) 
were from the Chlorophyta, 4 from the Euglenophyta, 5 from 
the Cyanophyta (excluding coccoid forms), 2 from the 
Chrysophyceae, and 18 from the Bacillariophyceae= 
Approximately 51 of these taxa are generally considered 
euplanktonic; that is, they possess some modification for 
increased bouyancy. Only six of these euplanktonic forms 
were common (10-250 of the population) in at least one 
collection. 
The remaining 31 taxa were benthic forms, i.e. they have 
been repeatedly reported from benthic habitats or possess 
morphological adaptations for survival in bottom sediments. 
Of these, five were benthic green algae, seven were blue-
green algae, and 19 were motile diatoms. In fact, in the 
99 total samples, benthic diatoms occurred a? frequently as 
euplanktonic green algae. Five of these taxa comprised 
greater than 10^ of the phytoplankton population in one or 
more collections. The most frequently encountered and most 
abundant taxa were members of the diatom genus Nitzschia. The 
13 most frequently encountered taxa are listed in Table 8. 
Table ?. Seasonal periodicity and relative abundance^ of the species of phytoplank-
ton collected from the Skunk River, Iowa, during 1972. 
Preguency^ 1 7 
Chlorophyta 
Actinastrum hantz schii Lag. 13 xxxxxx + + + + + + + 
Ankistrodesmus braunii (Naeg.) 1 x + 
Brunnthaler 
Ankistrodesmus convolutus Corda 1 x + 
Ankistrodesmus falcatus var. 18 xxxx +++++++ 
falcatus rCorda) Ri.lfs 
Ankistrodesmus falcatus var. 28 x x x +++++++ 
acicularis (A. Braun) 
G. S. West 
Ankistrodesmus falcatus var. x + + + 
mirabilis (West & West) 
G. S. West 
Braeteococcus sp. 1 x + 
Cladophora glomerata (L.) 3 x x x + + + 
Kuetzing 
Closterium acerosum (Schrank) 5 x xxx +++++ 
Ehr. 
Closterium eboracense Turner 2 x x + + 
Clo sterium spp. 4 xxxx++ + 
coccoid greens 56 xxxxCCx +++++++ 
Coelastrum cambricum Archer 1 x + 
Coelastrum microporum Naegeli 2 x + 
in A. Braun 
Coelastrum reticulatum (Dang.) 
Senn 
Coelastrum spp. 
Crucigenia quadrata Mcrren 
Dictyosphaerium pulchellum 
Wood 
Elakatothrix viridis (Snow) 
Prlntz 
Eudorina ele^ans Ehr. 
Golenklnia paucispina West & 
West 
Golenkinia radiata (Chodat) 
Wille 
Kirchneriella obesa (W. West) 
Schmidle 
Kirchneriella sp. 
Lagerheimia quadriseta 
(Lemm. ) G. M. Smitli 
Micractinium pusillum 
Fresenius 
Oocystis pusilla Hansgirg 
+ 
1 
1 
3 
4 
3 
22 
3 
9 
10  
9 
3 
X 
X X 
X 
X 
X 
X X 
X X 
X X 
X X X  
X X 
X X 
+ + 
+ + 
+ 
+ + 
+ + 
+ + + + 
+ + 
+ + 
+ 
4- + + -F -F + + 
4 -  4 -  4 -  4 -  +  
+  4 - 4 - 4 -  4 - 4 -
4 - 4 - 4 -
= less than of any sample taken during that month; C = common of 
any sample); A = abundant {26%-S0% of any sample); D = dominant (greater than 50% of 
any sample). Where not obvious, underlining refers to the month in which that taxon 
was most abundant. + = taxon was present at that station. 
^The total number of samples in which the taxon was encountered. 
Table 7 (continued) 
Taxon Frequency^ 
Pandorina mo rum (Muell.) Bory 15 
Pediastrum boryanum (Turp.) 24 
Meneghini 
Pediastrum boryanum var. 1 
longicorne Raciborski 
Pediastrum duplex var. 1 
clathratum (A. Braun) Lag. 
Polyedriopsis spinulosa 1 
Schmidle 
Pteromonas angulosa Lemm. '.M 
Scenedesmus acuminatus (Lag.) 15 
Chodat 
Scenedesmus acuminatus var. 2 
minor G. M. Smith 
Scenedesmus bi.juga (Turp.) 44 
Lagerheim 
Scenedesmus dimorphus (Turp.) 38 
Kuetzing 
Scenedesmus incrassatulus 1 
Bohlin 
Scenedesmus longus var. 1 
Naegelii (de Breb.) 
G. M. Smith 
Scenedesmus opoliensis 1 
Richter 
Periodicity (months) Stations 
M A  M  J  J A  S O  1 2 3 4 5 6 7  
x x x x  +  +  +  +  +  +  +  
X X X X X + + + + + 
X + 
X + 
X + 
X X X  +  +  +  +  +  +  +  
X  +  +  +  +  +  +  +  
XX + 
X  X X  +  +  +  
X  X X X X  +  +  +  +  +  +  +  
X  +  
X  +  
X + 
Scenedesmus quadricaud.a .51 
(Turp.) de Brebisson in 
de Brebisson & Godey 
Scenedesmus quadricauda var. 1 
parvus G. M. Smith 
Scenedesmus quadricauda var. 6 
Westii G. M. Smith 
Sphaerocystis Schroeterii ^ 
Chodat 
Stifieoclonium sp. ^ 
swarmers 38 
Cyanophyta 
Anabaena sp. 4 
Aphanizomenon flos-aquae 1 
Chroococcus spp. 7 
Merismopedia tenuissima ? 
Lemmermann 
Microcystis aeruginosa 48 
Kuetzing 
0scillatoria sp. #1 10 
0scillatoria sp. #2 PO 
0scillatoria sp. #3 2 
0scillatoria sp. #4 1 
0 scillatoria sp . #5 1.5 
Oscillatoria sp. #6 8 
X X X X C C X + + + + + + 
X  + 
X  X  + + 
X  X  + + 
X X X  
X  X  X X  c  X  
+ + 
+ + + + + + + 
X  X X  
X  X  X  X  
vo 
+ + + 
+ + + + 
X  X  C  C  + + + + 
X  
X X 
X  X  
X  
X  
X  
X  X  
X  X  
X  X  
X  
X  
X  
X  
X  
X  
X  
+ + + + + 
+ + + + + + + 
+ + 
+ 
+ + + + + + 
+ + + 
Table 7 (continued) 
Taxon Freciuency^ 
EuRlenophyta 
Eufçlena deses Ehr. 9 
EuRlena viridis Ehr. 9 
Euglena spp. 24 
Lepocinclis fusiformis 7 
(Carter) Lemmermann 
Lepocinclis fusiformisi var. 4-
manor Fritsch & Rich 
Phacus brevicauda (Klebs) 1 
Lemmermann 
Phacus curvicauda Swirenko 1 
Phacus pyrum (Ehr.) Stein 5 
Trachelomonas hispida 1 
Trachelomonas spp. 5 
Chrysophyceae 
Dinobryon sertularia Ehr. ? 
Synura sp. 6 
Bacillariophyceae 
Achnanthes spp. 2 
Amphora spp. 3 
Caloneis amphisbaena (Bory) 7 
Cleve 
Periodicity (months) 
M A M J J A S O  
Stations 
1 2 3 4 5 6 7 
X  X  X  X  
C X  
X  
X  X  
X  
X  X  
7 
X  X  
X  X  + + + + 
X  X  + 4 - + + + 
X  X  + + + + + + 
X  X  + + + + + 
X  X  + + + 
X  + 
X  + 
X  X  + + + 
X  + 
+ + + 
ç C + + + + + 
X  + 
X  X  + + 
X  X  + + + + + 
centric diatoms 37 
Cocconeis spp. 8 
Cylindotheca gracilis 13 
[Brebisson) Grun. 
Cymatopleura solea (Breb.) 29 
W. Smith 
Cymbella spp. 7 
Entomoneis ornata Bailey 1 
( Reim ."T 
Eunotia sp. 1 
Fra^ilaria spp. 6 
Gomphonema spp. 14 
Gyrosi^ma spp. 31 
naviculoid diatoms 56 
Nitzschia spp. 65 
Nitzschia acicularis W. Smith 50 
Nitzschia si°yioidea (Ehr. ) 3 
W. Smith 
Pinnularia sp. 1 
Rhopolodia sp, 2 
Surirella spp, 4l 
Synedra spp. 33 
X  X  X  X  Ç + + 4 - + + + + 
X  X  X  X  X  + + + + 
X  X X  X  X  + + + + + + 
X  X  X  X  X  X  X  + + + + + + + 
X  X  X  X  + + + + + 
X  + 
X  + 
X  X  c + + + + 
X  X  X  X  X  4- + + + + + + 
X  X  X  X  X  X  X  + + + + + + + 
X  X  X  X  X  c Ç X  + + + + + + + 
X  X  X  X  c D A + + + + + + + 
X  X  X  X  G A D + + + + + + + 
X  + + + 
X  + 
X  X  + 
X  X  X  X  X  G Ç X  + + + + + + + 
X  X  X  X  X  X  X  X  
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Table 8. Thirteen most frequently encountered plankton forms 
from the Skunk River during 1972. 
Pro.aMe origin 
Nitzschia spp. benthic 8,570,000 
coccoid greens 56 benthic 750,000 
naviculoid 
diatoms 
56 benthic 470,000 
Scenedesraus 
quadricauda 
51 planktonic/benthic 660,000 
Nitzschia 
acicularis 
50 benthic 4,750,000 
Microcystis 
aeruginosa 
48 planktonic 630,000 
Scenedesmus 
bijuga 
44 planktonic/benthic <100,000 
Surirella SDTD. 4l benthic 560,000 
Scenedesmus 
dimorphus 
38 planktonic/benthic <100,000 
swarmers 38 benthic <100,000 
centric diatoms 37 planktonic 670,000 
Synedra spp. 33 benthic <100,000 
Gyrosigma spp. 31 benthic < 100,000 
^The total number of samples in which the taxon was 
encountered. 
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Quantitative samples were taken during the initial study 
from July through October, 1972. Figures 2 and 3 show the 
abundance of the phytoplankton at all seven stations during 
that period. A similar pattern of wax and wane of the 
community was evident at all the stations. During the maxima, 
the downstream stations (6 and 7) tended to have a greater 
density. But, before and after this late summer maximum, 
plankton density was similar at all stations. 
The maximum phytoplankton densities occurred during the 
period of decreasing volume of flow (7 August-8 September, 
1972) following a period of heavy rain (Figure 4), and August 
through October, 1974 and 1975-
As the flow decreased through August, 1972, Nitzschia spp. 
became more important in the plankton and in the epipelon 
(Figure 5)" To test the hypothesis that a relationship existed 
1 between the proportion of Nitzschia spp. and N. acicularis in 
the plankton and the epipelon, a linear regression (Y = bX + a) 
was fit to the data, where Y = the proportion of the plankton 
that the taxon represented and X = the proportion of the 
epipelon that the taxon represented. The results are presented 
in figures 6 and 7 and show that when an epipelic community 
existed, the dominant genera of that community are well 
Throughout the remainder of text, Nitzschia spp. refers 
to all members of the diatom genus Nitzschia, excluding the 
species Nitzschia acicularis. The latter was separated because 
it was a dominant form which could be identified in water 
mounts under 538X magnification. 
Figure 2. Total plankton (units/liter) at stations 1 through 
k on the Skunk River, Iowa from July through 
September, 1972. 
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Figure 3- Total plankton (units/liter) at stations 5 through 
7 on the Skunk River, Iowa from July through 
September, 1972. 
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Figure 4. Discharge (ft^/sec) of the Skunk River, Iowa near 
station 4, July through September, 1972. 
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Figure 5- Percent occurrence^ of Nitzschia spp. and 
N. acicularis in the plankton of the Skunk River, 
Iowa, July through September, 1972. Values 
represent means from stations 1, 6, and ?• 
^Throughout this dissertation, "percent occurrence" refers 
to the percent of the entire community that the taxon under 
consideration constituted. 
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Figure 6. Relationship between the percent occurrence of 
Nitzschia spp. (excluding N. acicularis) in the 
plankton and epipelon of the Skunk River, Iowa 
during 1972. 
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Figure 7. Relationship between the percent occurrence of 
Nitzschia acicularis in the plankton and epipelon 
of the Skunk River, Iowa during 1972. 
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represented in the plankton. Similar results were obtained 
from the data collected during 1974 and 1975 (Figures 8 and 9)-
Figures 10 and 11 represent the pooled data from all three 
years. Coefficients of correlation, slope, intercepts, and 
"t" values for regressions in figures 6 through 11 are 
presented in Table 
Table 9. Coefficients of correlation (r), slopes (b), inter­
cepts (a), degrees of freedom (d.f), and "t" values 
(Ho:b=0) for the regression analyses presented in 
figures 6 through 11 of the relationship between 
the proportion of Nitzschia spp. and N. acicularis 
in the plankton and the epipelon in the Skunk 
River, Iowa. 
Figure Taxon Year r b a d.f t 
6 Nitzschia spp. 1972 .48 .39 16.1 8 1.6 
7 N. acicularis 1972 .90** .70 3.9 8 5.8** 
8 N. acicularis 1974-5 .80** 
00 
6.9 11 4.47** 
9 Nitzschia spp. 1974-5 .43 .26 8.6 9 1.4 
10 Nitzschia spp. 1972, 
1974, 
1975 
.55** .45 6.8 19 2.9** 
11 N. acicularis 1972 
1974 
1975 
.83** .80 5.3 21 6. y** 
**Highly significant (P= .01). 
A "t" test (Steele and Torrie, 1960) determined that the slopes 
of figures 10 and 11 were significantly different (P = .05). 
Figure 8. Relationship between the percent occurrence of 
Nitzschia acicularis in the plankton and epipelon 
of the Skunk River, Iowa from stations 1, 6, and 
7, 1974-1975. 
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Figure 9. Relationship between the percent occurrence of 
Nity,snrri H spp. (excluding N. acioularis) in the 
plankton and epipelon of the Skunk River, Iowa 
during 1974-1975. 
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Figure 10. Relationship "between the percent occurrence of 
Nitzschia spp. (excluding N. acicularis) in the 
plankton and epipelon of the Skunk River, Iowa 
from data outained in 1972, 197^. and 1975. 
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Figure 11. Relationship between the percent occurrence of 
Nitzschia acicularis in the plankton and epipelon 
of the Skunk River, Iowa from data obtained in 
1972, 1974, and 1975-
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The greater slope of the Nitzschia acicularis data indicates 
that that taxon, assuming that it is primarily a benthic 
form, more readily becomes planktonic than the grouped 
remainder of other Nitzschia species. 
A euplanktonic blue green algal species, Microcystis 
(Anacystis) aeruginosa also showed a great increase in the 
plankton during the low flow periods between mid-August 
through early September, 1972 (Figures 12 and 13). The data 
are grouped according to location upstream or downstream from 
Ames, Iowa. This taxon showed greater amplitude differences 
than did the Nitzschia spp. or N. acicularis. At station 2, 
however, Microcystis remained relatively abundant through the 
end of September. Other species became most abundant during 
this low flow period including the euplanktonic forms 
(Scenedesmus quadricauda, centric diatoms). 
Centric diatoms were not important members of the 
phytoplankton except during autumn when volumes of flow were 
low. There was a highly significant (P = 0.01) inverse 
relationship (r = -0.92) between the percent occurrence of 
centric diatoms in the plankton and the log of the volume of 
flow (Figure l4). 
Most stations supported similar phytoplankton populations 
on the same date (Figure 15)> even though the bottom character 
of the river changed considerably. On 13 September, 1975 only 
station 1 supported a well-established epipelic community. 
Figure 12. The occurrence of Microcystis aeruginosa in the 
plankton of the Skunk River, Iowa at stations 
1 through 4, from July through SAptember. 1972. 
67 
station 1 o station 3 
e Station 2 station 4 
Microcystis aeruginosa 
9 
•fp *ga 
24 30 13 19 26 
AUG 
1972 
Figure I3. The occurrence of Microcystis aeruginosa in the 
plankton of the Skunk River, Iowa at stations 
5, 6, and 7 from July through September, 1972. 
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Figure l4. Relationship "between the percent occurrence of centric diatoms in the 
plankton and the log. volume of flow. Data were collected during 
197i4,_1975 at the Skunk River, Iowa, stations 4 and 6. 
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Figure 15. The relative proportions of phytoplankters at adjacent stations at the 
Skunk River, Iowa on 8 August 1975 and 1^-14 September 1975-
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However, all four downstream stations had a large proportion 
of N. acicularis in the plankton, although the substrates at 
these stations were predominantly rock, or the current was 
too swift to allow epipelon colonization of the sediments. 
During a canoe survey of the river, however, I noticed that 
whenever small pools were present along the margin, epipelon 
had become established. 
At times, however, phytoplankton differed quantitatively 
and qualitatively, even at adjacent stations. On 17 October 
1975 there was a six fold increase in phytoplankton density 
from station 1 to station 2 (Figure l6). Total plankton 
gradually decreased downstream, to near the original level at 
station 7- The upper reaches of the river were more turbid 
than the lower on this occasion. Epipelon was also absent 
except at the extreme downstream stations, 6 and 7-
The qualitative differences among six of the seven 
stations on that date are illustrated in Figure 17. Nitzschia 
spp. were present in the plankton at stations 1 and 2 in small 
quantities,- and absent at stations 3 and 4. The proportion of 
centric diatoms sharply increased through station 3» then 
decreased to the original level at station 7- At and below 
station 6 where the epipelon became established, the proportion 
of Nitzschia spp. in the plankton increased to over 50^. 
Nitzschia spp. were therefore only important members of 
Figure l6. Density (algal units/ml) of total phytoplankton, 
centric diatoms, and Nitzschia spp. at stations 
1, 2, 3» 6, and 7 at the Skunk River, Iowa 
on 17 October 1975. 
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Figure 1?. The proportion of centric diatoms, Nitzschia spp., 
coccoid greens, and other plankters at stations 
li 2 ; 3: 4; 6; and 7 on the Skunk River, Iowa on 
17 October lyyj. 
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the plankton at stations where the epipelic community was 
established. 
Jones (1972) established that the standing crop of phyto-
plankton (measured as chlorophyll a) passing one point in the 
river increased as volume of flow increased. The number of 
algal units moving down the Skunk River per second was obtained 
by multiplying the algal concentration (units/ml) times the 
volume of flow. Although the algal concentration decreased as 
volume of flow increased (Figure I8), the number of algal units 
/sec increased with flow (Figure 19). For exceptions (points 
(238, 7.5x10^), (229, 6.9x10^) see discussion. 
Following the Skunk River flood of 27 June 1975 (see 
Introduction), samples were taken at stations 4- and 6 every 
three days, beginning on 1 July for a period of three weeks. 
Bottle plankton, turbidity, conductivity, and. pH determinations 
were made during this period. The chemical and physical data 
are presented in Table 10. 
pH and conductivity increased slightly or showed little 
change over the 21 day period, while turbidity decreased nearly 
linearly at both stations (Figure 20). Phytoplankton concen­
trations did not increase linearly, however. Figure 21 shows 
that at both stations, between the 4-th and 10th of July, the 
phytoplankton concentrations decreased slightly before rapidly 
increasing between 10 and 21 July. This slight "dip" in 
phytoplankton concentrations occurred at both stations, but 
not on the same date. 
Figure l8. Relationship between the density of phytoplankton 
(algal units/ml) and volume of flow (ft^/sec) at 
station 4, at the Skunk River, Iowa during 
1974-1975. 
Figure 19. Relationship between the number of algal units 
passing one point (algal units/sec) and volume 
of flow (ft3/sec) at station 4, at the Skunk 
River, Iowa during 1974-1975-
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Table 10. Physical/chemical parameter data from stations 
4 and 6 after the Skunk River flood of 27 June 
1975. 
Conductivity Turbidity 
limho s/ cm NTU 
Station 4 
1 July — — — 
4 July ELl 580 35 
7 July 8.1 660 31 
10 July 8.1 690 27 
13 July 8.3 705 16 
16 July 8.3 740 13 
21 July 8.3 675 8.5 
Station 6 
1 July — — — 
4 July 7.9 47 
7 July 8.0 660 43 
10 July 8.1 (#0 32 
13 July EL 3 680 20 
16 July 8.2 700 15 
21 July 8.1 740 13 
Figure 20. Turbidity (NTU) at stations 4 and 6 at the Skunk 
River, Iowa following the flood of 27 June 1975' 
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Figure 21. Phytoplankton concentrations (log algal units/ml) 
from 1-21 July 1975 at stations ^  and n at the 
Skunk River, Iowa following the flood of 27 June 
1975. 
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The species composition of the phytoplankton also 
changed considerably over the 21 day period (Figure 22). 
Up to 10 July, two weeks after the last of the two rainstorms, 
coccoid green algae made up the majority of the phytoplankton 
at station 4, and were not uncommon at station 6. After that 
date, species of the genus Nitzschia became more abundant 
until on 21 July they composed over 80% of the plankton at 
both stations. The quality of the plankton was quite 
different at the two stations up to 13 July. By l6 July the 
compositions were very similar. 
The data taken after the Skunk River flood was treated 
in the same way as in Figure 19» where the number of algal 
units/sec was determined at different volumes of flow. Figure 
23 shows that, unlike Figure 19, the number of algal units 
passing a point on the river did not increase linearly with 
increased volume of flow during flood conditions as it did 
during non-flood conditions. In particular, the highest and 
lowest values deviate the greatest from the linear model 
used during "normal" conditinnR. 
To determine if the sediments along the river contained 
viable algal cells which may in turn act as an inoculum for 
the algal communities of the river, sediment samples were 
taken at Soper's Mills (station 3) on 2 August 1974 at 
elevations up to 2 meters above the water line. These 
Figure 22. Relative abundance of phytoplankton taxa in the 
Skunk River at stations h and 6 following the 
flood of 27 1975. 
89 
100^3 
90 
80 
P 50 
40-
c 
0) 
2 
IL 
100 
90 
80 
70 
60 
50 
40 
+ + 4 |v 4 4, 
+ + + 
+ + 4 
+ + 4 
+ + 4 
+ + 4 
4 + 4  
4  4  4  
4  4  4  
4  4  4  
4  4  4  
4  4  4  
4  4  4  
204 
10 
i 
i 
1 
4  4  4  
4  4  4  
4  4  4  
4  4  4  
^  +  +  
4  4  4  
4  4  4  
ttt 
Station 4 
4  4  4  
4  4  4  
4  4  4  
4  4  4  
4  4  4  
+  +  +  
7 10 
JULY 
13 16 
1975 
21 
I 
4  4  4  
4  4  4  
4  4  +  
4  4  4  
m 
4  4  4  
4 4 4  
4  4  4  
4  4  4  
4  4  4  
4  4  4  
4  4  4  
4  4  4  
4  4  4  
4  4  4  
4  4  4  
4  4  4  
4  4  4  
4  4  4  
4  4  4  
+ 44 
H- 4 4i 
+ + + 
4  4  4  
+ 44 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
4  +  +  
4  +  +  
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+  4  +  
±jLjt 
Station 6 
7 10 
JULY 
13 16 
1975 
21 
Nitzschia acicularis green 
4 + 4  
+  +  +  
Itii Nitzschia spp • other 
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27 June 1975 at stations 4 and 6 al, the Skunk 
River, Iowa. 
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2 22.7 cm samples were inoculated with sterile Skunk River 
water and incubated for 58 days next to a laboratory window 
to determine if algal cells were present. The results are 
presented in Table 11. 
Table 11. List of algae cultured from soil samples taken 
above the water line at station 3 along the 
Skunk River on 2 August 197^-
Sample 8 August 1974 30 September 197^ 
1 no growth Oscillatoria spp. 
2 no growth Oedogonium sp. 
Anabaena sp. 
Closterium sp. 
Oocystis sp. 
3 Ghlamydomonas Anabaena sp. 
Ghlamydomonas sp. 
Oscillatoria sp. 
Oocystis SD. 
nanxzscnia sp. 
4- diatom growth Rhopolodia gibba 
Oscillatoria spp. 
fern gametophytes 
Epilithon 
In the Skunk River, the epilithon, excluding the diatoms, 
was composed of a relatively few number of species. Only 21 
true epilithic taxa including representatives from the 
Chlorophyta, Cyanophyta, Chrysophyta, and Rhodophyta were 
recorded from four stations from March 1972 through January 
1973' Sixteen of these were at least common at times at 
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individual stations. Epilithic periphyton data are summarized 
in tables 12 through 15. 
The green alga Cladaphora glomerata and the red alga 
Audouinella violacea were the two most abundant species from 
early spring through autumn at all stations except station 5-
At that station, the filamentous blue green algae Oscillatoria 
spp. and Phormidium uncinatum were co-dominants through 
September. At that station, C. glomerate did not become well 
established until early July; A. violacea first became 
abundant in late September. The substrate at station 5 was 
a concrete dam compared with rock at the other stations. 
At all stations, but particularly at stations 3 and 4 
where water was shallow along the margins of the river, and 
in shallow riffles areas midstream, the encrusting green alga 
Chlorotylium cataractum was abundant in late summer and early 
autumn. It was sometimes found as an emergent on recently 
exposed rocks during periods of decreasing volume of flow. 
The thallus was encrusted with calcium carbonate. Smith 
(1950) stated that "... the specific name implies that it 
is found only in swiftly running water, but in certain 
European localities it is quite as abundant in standing 
water." 
Large gelatinous thalli of Tetraspora sp. were sometimes 
also found in association with C. cataractum. 
Table 12. Seasonal periodicity and relative abundance^ of epilithic periphyton 
species encountered at station 2 during 1972. Where two dominants are 
listed on one date, they v/ere considered co-dominants. 
rp Fre- -, Periodicity (months) 
^ quency" MAMJJA SO NDJ 
Chlorophyta 
Chlorotylium cataractum 8 c A c D c D 
Kuetzing 
Cladophora glomerata 37 rrcDcDDDDDDDDADADcAc D D 
Kuetzing 
coccoid greens 5 c 'J r A 
0 edogonium sp. 3 r r r 
Rhizoclonium hiero- 1 r 
glyphicum (C. A. 
Agh,) Kuetzing 
Rhizoclonium hookeri 2c r 
Kuetzing 
Spirogyra sp. 1 r 
StigeocIonium aff. 4 Do 
nanum Kuetzing 
Tetras-pora sp. 4 r r r r 
Ulo thrix tenerrima 3D i* r 
Kuetzing 
Cyanophyta 
Chroococcus turgidus 15 rD rcAcc c rrc rr 
(KuetZiing") Naegeli 
Chroococcus sp. c AD rr r rc A 
Oscillatoria spp. r c r rr p 
0 scillatoria sp. #1 4 r r A 
0 scillatoria sp. #2 8 r r r A c Ac r 
0 scillatoria sp. #3 7 r ccAA rc 
0 scillatoria sp. #h 3 r r r 
0scillatoria sp. #5 7 A c c r 
Chrysophyta 
diatom community 15 P pD c D p pc 
Gomphonema olivaceum p p pD P P P P P 
(Lyngbye) Kuetzing 
Rhodophyta 
Audouinella violacea 35 pAr r ccc Arr DAcA r c AAA cDAD D D D 
(Kuetzing) Hamel 
^Relative abundance scales are explained in Table 3. 
^The total number of samples in which the taxon was encountered. 
Table 13. Seasonal periodicity and relative abundance of epilithic periphyton 
species encountered at station 3 during 1972. Where two dominants are 
listed on one date, they were co-dominants. 
Taxon Fre- ^ quency M A M 
Periodicity (months) 
J J A S 0 N D J 
Chlorophyta 
Chlorotylium cataractum 4 
Kuetz ing 
Cladophora glomerata 39 
Kuetzing 
coccoid greens 3 
0edogonium spp. 2 
Rhizoclonium hiero- 1 
glyphicum (C. A. 
Agh.) Kuetzing 
Spirogyra sp. 1 
Stigeoclonium aff. 12 
nanum Kuetzing 
Tetras-pora sp. 1 
c rc ] 
D D D D DDDD D D AAD D Do D r cc 
D c c 
r 
r 
r r A DD A Ar r 
Cyanophyta 
Chroococcus turgidus 
(Kuetzing") Naegeli 
11  AAAA r c AA 
ChroocoGCUs spp. 
0scillatoria spp. 
0scillatoria sp. #2 
0scillatoria sp. #3 
0 scillatoria sp . #4-
10 
3 
2 
1 
1 
re A r r c 
r cc 
A A 
A 
Chrysophyta 
diatom community 10 
Gomphonema olivaceum 10 Dp 
(Lyngbye) Kuetzing 
Rhodophyta 
Audouinella yiolacea 33 c 
(Kuetzing) Hamel 
P P P P 
P P P P 
P P 
P P 
A 
cc A A ADDD D c ADD A DD D D D D D 
VO 
-O 
^Relative abundance scales are explained in Table 3*  
^The total number of samples in which the taxon was encountered. 
Table l4. Seasonal periodicity and relative abundance of epilithic periphyton 
species encountered at station 4 during 1972. Where two dominants are 
listed on one date, they were co-dominants. 
Taxon Fre- b quency M A M 
Periodicity (months) 
J J A S 0 N D 
Chlorophyta 
Chlorotylium cataractum 5 
Kuetzing 
Cladophora glomerata 31 
Kuetzing 
coceoid greens 3 
0 edogonium sp. 
Rhizoclonium hiero- 2 
glyphicum (C. A. 
Agh.) Kuetzing 
Stigeoclonium aff. 1^ 
nanum Kuetzing 
Tetraspora sp. 6 
Ulothrix tenerrima 1 
Kuetzing 
p D D 
p p D D D D DDAD D D DD DD 
D c 
r 
r A 
c r D D Ac c r 
c r c r 
A 
Cyanophyta 
Ghroococcus turgidus 
(Kuetzing") Naegeli 
10 cA c D 
Chroococcus spp. 
0scillatoria spp. 
0scillatoria sp. #1 
0scillatoria sp. #2 
0scillatoria sp. #3 
0scillatoria sp. #4 
0scillatoria sp. #5 
Rhodophyta 
Audouinella violacea 
(Kuetz ing") Drew 
6 
6 
2 
4 
5 
3 
1 
23 
r r A c A 
c r c 
r 
c cc 
D r A 
r 
A A ADDA D D 
rc p 
D 
DA D D 
A 
A D 
^Relative abundance scales are explained in Table 3-
^The total number of samples in which the taxon was encountered. 
Table 15. Seasonal periodicity and relative abundance of epilithic periphyton 
species encountered at station 5 during 1972. Where two dominants are 
listed on one date, they were co-dominants. 
Taxon Fre- ^ quency M A M 
Chlorophyta 
Chlorotylium cataractum 1 
Kuetzing 
Cladophora glomerata 9 
Kuetzing 
coccoid greens 1 
StigeocIonium aff. 2 
nanum Kuetzing 
Tetraspora sp. 1 
Periodicity (months) 
J J A S 0 
D 
N 
D r D  r A D  D  D  
r r 
D 
D 
Gyanophyta 
Chroococcus turgidus 
(Kuetz ing) Naegeli 
Chroococcus spp. 
0scillatoria spp. 
0scillatoria sp. #2 
Oscillatoria sp. #4 
3 
1 
1 
2 
6 
A r A 
D c D AD 
0scillatoria sp. #5 2 
Phormidium uneinaturn ^ 
(C A. Agardh) Gomont 
Chrysophyta 
diatom community 
Gomphonema olivaceum 3 
(Lyngt)ye) Kuetzing 
Rhodophyta 
Audouinella yiolacea 6 
(Kuetzing") Hamel 
r D 
D D DA 
A c p A p p p 
D D 
r c r r A c 
^Relative abundance scales are explained in Table 3-
^The total number of samples in which the taxon was encountered. 
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In comparison to Ç. glomerata, other filamentous green 
algae were not abundant. Stigeoclonium sp. (aff. nanum) was 
the only other species which was sporadically common to 
abundant. Its habitat was restricted to rocks in the slow 
moving water along the extreme margins of the river. It 
developed best during mid-summer, often mixed with growths 
of Chlorotylium. 
The rocks of the faster moving portions of the stream 
were colonized by perennial growths of Cladophora and 
Audouinella. These taxa were mostly restricted to this 
habitat. Many species of filamentous red algae are found in 
shaded cool waters (L. A. Whitford, North Carolina State 
University, personal communication) and perhaps deeper water 
satisfies the ecological requirement for low light intensity. 
Audouinella developed as a IUILKU rilamen'Gous colony, upright 
from the substrate. The growths seldom were greater than 
three millimeters in height, giving the rock a somewhat mossy 
appearance. Large amounts of sediment were trapped in the 
tufts but did not appear to dislodge the plants. Epiphytes 
were not common, perhaps because of the small diameter of 
the filaments. 
Cladophora glomerata, on the other hand, grew to lengths 
in excess of one meter during the low flow conditions of 
August. The plant has perennial rhizoid-like system from 
which individual filaments arise. The filaments branch 
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dichotomously until the apex is a large tuft. Over time, the 
basal filaments supported large numbers of epiphytes, 
particularly Gocconeis pediculus, while the tips supported 
others (e.g. Diatoma vulgare and Synedra ulna) and large 
amounts of silt. When volume of flow increased, the subsequent 
increased sediment load in the terminal portions of the 
filaments caused them to break off, leaving only basal 
filaments and short upright branches. Therefore, the larger 
the plant body, the more severe was the scouring effect after 
even a brief increase in volume of flow. Audouinella, 
because of its reduced size, was not as severely effected 
by flooding. 
A diatom community was usually attached to the rocks. 
It did not become the dominant algal community until 
Gomp'aorifcima ollvaceum uecamt; eauauliaiied in the winter months. 
At that time, large gelatinous growths of this diatom covered 
the majority of rocks at all stations except 2, where 
Audouinella remained dominant. G. olivaceum remained dominant 
through April, then rapidly disappeared in May. G. olivaceum 
was present in the epilithon all year, but in very low numbers 
through the summer and early fall. During those months, 
members of the diatom genera Navicula and Nitzschia were 
predominant in this community. 
The green alga Ulothrix tenerrima was found in quantity 
on one occasion in a riffle area at station 2 in February 1972. 
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It has not been frequently reported from Iowa, so an effort 
was made to relocate it every year since. It, however, was 
only rarely encountered after the first report, and then not 
in quantity. 
Both rock and concrete substrates were often vertically 
stratified. Thin layers of blue green algae (Chroococcus spp. 
and filamentous forms) formed the basal layer of the 
epilithon. Above that layer, or intermixed with it, was the 
diatom community. The filamentous forms, although attached 
at the base, extended mostly well above the substrate. 
Epiphytes occurred at all levels. 
Specific determinations of filamentous blue green algae 
were at most tenuous. The seven forms found in the river 
the first year were described and given a species number. 
According to Drouet's (I968) revision of the 0scillatoriaceae 
only taxon number 1 is truly in the genus Oscillatoria. The 
others belong to Microcoleus, Schizothrix, and Arthrospira. 
Because of the recent confusion over the taxonomy of the 
group, I have reported these taxa as unknowns (Table I6) and 
added a brief description of each. 
Epipelon 
One hundred twenty-nine diatom taxa representing 22 
genera were identified from 56 epipelic periphyton 
collections. The taxa, their seasonal periodicity, and 
frequency of occurrence are summarized in Table 17. The most 
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Table l6. Descriptions of the filamentous blue green algae 
encountered in the Skunk River, Iowa during 1972. 
All are not considered to be in the genus 
Oscillatoria by Drouet (1968). 
Oscillatoria spp. 
Oscillatoria sp. #1 
trichomes straight, diameter 14-20 microns, cross walls 
not granular, cells l/7-l/lO long as wide, end cell 
thickened, trichomes generally straight 
Oscillatoria sp. #2 
trichomes generally straight, may be slightly curved at 
apex, diameter 4-6 microns, cross walls not granular, 
cells 1/2-3/4-1 times long as wide, end cell rounded but 
not thickened 
Oscillatoria sp. #3 
trichomes generally straight, 4-6 microns wide, cross 
walls granular, may be slightly constricted at cross 
walls, end cell slightly rounded not thickened or 
tapering, cells 1/2-3/4 long as broad 
Oscillatoria sp. #4 
cells 4-10 microns in diameter, cross walls granular, 
trichome attenuated toward the apices, cells (l/5)-l/2-
(1) times longer than wide 
Oscillatoria sp. #4A 
same as #4 except thickened end cell 
Oscillatoria sp. #5 
cells 1.2-2 microns in diameter, 2-3 times longer than 
broad, light blue-green in color, end cell rounded not 
thickened, cross walls not granular 
Oscillatoria sp. #6 
cells 1.0 microns wide, 1-2 microns long, deeply 
constricted to an hour-glass shape, end cell rounded 
not thickened 
Table 1?. 
Taxon 
Diatom taxa inhabiting the epipelon in the Skunk River, Iowa. (An 
underscore indicates that the taxon was present during that month; a 
circled letter indicates that it represented 5?^ or more of the community 
during that month; + indicates present in only one sample during that 
year. T 
% samples in Periodicity 
which encountered (months) Comments 
Achnanthes lanceolata 
(Breb.) Grun. 
A. lanceolata (Breb.) 
Grun. var. dubia 
G run. 
A. minutissima Kuetz. 
A. linearis (W. Sm.) 
Grun. 
Amphora ovalis Kuetz 
A. ovalis (Kuetz.) var 
libyca (Ehr.) Cleve 
A. ovalis Kuetz. var, 
pediculus Kuetz. 
1972 48 A M J J A S 0 D 
1974 28 M A S 0 N D 
1975 J M J A S 0 
1972 7 A M J J A S 0 D 
1974 M A S 0 N D 
1975 J M J A S 0 
1972+ A M J _J A S 0 D 
1974+ M A S 0 N D 
1975 J M J A S 0 
1972 A M J J A S 0 D 
1974 M A S 0 N D 
1975+ J M J A S 0 
1972 7 A M J J A S 0 D 
1974 27 M A S 0 N D 
1975+ J M J A S 0 
1972 7 A M J J A s 0 D 
1974 M A s 0 N D 
1975 J M J A s 0 
1972 15 A M J J A s 0 D 
1974 M A s 0 N D 
1975 J M J A s 0 
Table 17 (continued) 
Taxon 
% samples in 
which encountered 
A. ovalis Kuetz. 
var. ? 
1972 
1974 
1975 
15 
Caloneis ainphisbaena 
(Bory) Cleve 
1972 21 
1974 27 
1975 14 
Ç. alpestris (Grun.) 
Cleve 
1972 
1974 + 
1975 
Ç. bacillum (Grun.) 
Cleve 
1972 37 
1974 40 
1975 
C. lewisii Patr. 1972 7 
1974 67 
1975 + 
C. lewisii Patr. var. 
inflata (Schultze) 
Patr. 
1972 
1974 
1975 
Ç. schummaniana (Grun, 
Cleve 
1972 
1974 
1975 
Periodicity 
(months) Comments 
M J J_A S 0 _D 
A S 0 N D 
M J A S 0 
M J J A S 0 D 
A J 0 J D 
M J A S 0 Approaching in 
Jan. 
M J J A S 0 D 
A S 0 N D[ 
M J A S 0 
M J: A S 0 D 
A S 0 N D 
M J A S 0 
M J J A 0 D 
A N D 
JVL J A S 0 
M J J A S 0 D 
A S 0 N D 
M J A S 0 
M J J A S 0 D 
A S 0 N D 
M J A S 0 
Table 17 (continued) 
^ samples in 
Taxon which encountered 
C. ventricosa (Ehr.) 
Meist. 
1972 
1974 
1975 
13 
J  
C. ventricosa (Ehr.) 
Meist. var. 
truncatula (C-run. ) 
Meist. 
1972 
1974 
1975 
7 
13 
14 J  
Cocconeis disculus 
(Schum.) Cleve 
1972 + 
1974 + 
1975 
C. pediculus Ehr. 1972 
1974 + 
1975 14 J  
Cyclotella meneghiniana 
Kuetz. 
1972 
1974 
1975 
6o 
36 J  
Cylindrotheca gracilis 
(Breb.) Grun. 
1972 
1974 
1975 
37 
13 
J  
Cymatopleura cochlea 
J. Brun. 
1972 
1974 
1975 
11 
13 
J  
Periodicity 
(months) Comments 
A M J J A S O  D  
M  A  S  0  N  D  
M  J  A  S  0  
A M J J A S O  D  
M  A  ^  0 _ N  D  
M  J  A  S  0  
A M j l J A S O  D  
M  A  S  0  N  D  
M  J  A  S  0  o 
CO 
A M J J A S O  D  
M  A  S  0  N  D  
J A s 0 
A M J J A S O  D  
M  A  _ S  j O  N  D  
M  J  A  S  0  
No data 
A M J J A S O  D  
M  A  s  0  N  D  
M  J  A  S  0  
A M J J A S O  D  
M A S 0 N _D 
M J A S 0 
Table 1? (continued) 
Taxon 
% samples in 
which encountei-ed 
Cymatopleura solea 
[Breb.) W. Sm. 
Cymbella trian^ulum 
(Ehr.) Gleve 
C. ventricosa Kuetz 
Entomoneis ornata 
TJ'W. Bail.) Reim 
Fra^^ilaria construens 
(Ehr.) Grun. 
Fragilaria vaucheriae 
(Kuetz,. ) Peters. 
Prustulia vulgaris 
rThwaites) DeT. 
1972 88 
1974 100 
1975 43 
1972 7 
1974 13 
1975 
1972 + 
1974 33 
1975 + 
1972 + 
1974 
1975 
1972 11 
1974 20 
1975 
1972 + 
1974 + 
1975 
1972 + 
1974 + 
1975 + 
Q) 
Periodicity 
(months) Comments 
A M J J A © 0  D  
M A©®®® 
M  J  A  _ S  0  
A M J J A S O  D  
M  A  S  0  N  D  
M  J  A  S  0  
A M J J A S O  D  
M  A  S  0  N  D  
M  J  A  S  0  
A M J j I A S O  D  
M  A  S  0  N  D  
M  J  A  S  0  
A i i J J A S O  D  
M  A  S  0  N  D  
M  J  A  S  0  
A M J J A S O  D  
M  A  S  0  N  D  
M  J  A  S  0  
A M J J A S O  D  
M A S 0 N D 
M J A S 0 
Table 17 (continued) 
Taxon 
Gom-phonema angustatum 
(Kuetz.) Rabh. 
G. angustatum (Kuetz.) 
Rabh. var. ? 
G. olivaceum (Lyngbye) 
Kuetz. 
G. parvulum Kuetz. 
G. scalproides (Rabh.) 
Cleve 
Gyrosiftina spencerii 
(W. Sm.) Cleve 
% samples in 
which encountei ed 
1972 33 
1974 20 
1975 
1972 
1974 
1975 + 
1972 7 
1974 
1975 
1972 k-b. 
1974 33 
1975 25' 
1972 23 
1974 20 
1975 
1972 33 
1974 33 
1975 + 
1972 36 
1974 53 
1975 21 
G. angustatum (Kuetz.) 
Rabh. var. productum 
G run. 
Periodicity 
(months) Comments 
M  J  J  A  S  0  D  
A  S  0  N  D  
M  J  A  S  0  
M  J  J  A  S  0  D  
A  S  0  N  D  
M  J  A  S  0  
M  J  J  A  S  0  D  
A  S  0  N  D  
M  J  A  S  0  
M  J  J  A  S  0  D  
A  S  0  N  D  
M  J  A  S  0  
M  J J A  S  0  D  
A  S  0  N  D  
m J  A  S  0  
M  J  J  A  S O  D  
A 0)0 N D 
M  J  A  S  0  
M J J A S 0 D 
A S 0 N D 
M J A S 0 
Table 17 (continued) 
% samples in 
Taxon which encountei-ed 
Melosira granulate 1972 
(Ehr.) Ralfs 1974 13 
1975 J 
Navicula accomoda 1972 85 
Hust. 1974 27 
1975 28 J  
N. atomus (Kuetz.) 1972 11 
Grun. 1974 13 
1975 J 
N. bacilloides Hust. 1972 7 
1974 
1975 J 
N. biconica Patr. 1972 55 
1974 27 
1975 21 J 
N. capitata Ehr. 1972 8l 
1974 5:i 
1975 1^- J 
N. cincta (Ehr.) 1972 37 
Ralfs in Pritch. 1974 73 
1975 43 J 
Periodicity 
(months) Comments 
A M J J A S 0 D 
A S 0 N D 
M J A S 0 
A M J J A S 0 D 
A S 0 N D 
M J A S 0 
A M J J A S 0 D 
A S 0 N D 
M J A S 0 
A M J J A S 0 D 
A s 0 N D 
M J A s 0 
A M jJ J A s 0 D 
A s 0 N D 
M J A s 0 
A M J J A s 0 D 
A s 0 N D 
M J A s 0 
_A M J J A s 0 D 
"S "S 0 N D 
M J A s 0 
Includes forms 
which could possi­
bly be included in 
1£. heuf leri 
Plate III, Fig. 13 
Table 17 (continued) 
% samples in 
Taxon which encountered 
N. cincta (Ehr.) Ralfs 
in Pritch. var. 
rostrata Reim. 
1972 
1974 
1975 
o
 00
 
J 
N. citris Krasske 1972 
1974 
1975 
7 
21 J 
N. cryptocephala Kuetz. 1972 
1974 
1975 
6c 
21 j 
N. cryptocephala Kuetz. 
var. veneta (Kuetz.) 
Rabh. 
1972 
1974 
1975 
26 
2C 
J 
M- cuspidata (Kuetz.) 1972 
1974 
1975 
74 
100 
86 J 
N. cuspidata (Kuetz.) 
Kuetz. var. major 
Meist. 
1972 
1974 
1975 + J 
N. decussis 0str. 1972 
1974 
1975 + 
33 
33 
J 
Periodicitv 
(months ) Comments 
M  
M  
A  
M  
A  
M  
M  
M  
M  
M J J A S 0 D 
A S 0 N D 
M J A S 0 
M J J A S 0 D 
A S 0 N D 
M  J A S 0 
M  J J A s 0 D 
A s 0 N  D  
M  J  A s 0 
M  J J A s 0 D 
A s 0 N D  
M  J A s 0 
M  J J A s 0 D 
A s 0 N D  
M J  A  s 0 
M J J A s 0 D  
A s 0 N D 
M A s 0 
M J J A s 0 D  
A s 0 N D  
M  J A s 0 
M 
Most abundant in 
Table 17 (continued) 
Taxo n 
% samples in 
which encountered 
N. dicephala Ehr. var. 
elginensis (Greg.) 
CI eve 
1972 
1974 
1975 
15 
N. elata Ghandi 1972 
1974 + 
1975 
N. 1anceolata 
"C-Agardh") Kuetz . 
1972 9^ 
1974 1 0 0  
1975 43 
N. luzonensis Hust, 1972 4 8  
1974 + 
1975 + 
N. minima Grun. 
in V.H. 
1972 
1974 2C 
1975 + 
N. minuscula Grun. 
in V.H. 
1972 
1974 
1975 
27 
1^-
N. mutica Kuetz. 1972 
1974 
1975 
Periodici ty 
(months) Comments 
A M J J A S O  D  
M  A S  0  N  D  
M  J  A S  0  
A M  J  J  A S  0  D  
M  A S  0  N  D  
M  J  A S  0  
h (D® J h (|)-D ^  D 
E h ©13 (N)-D 
M  J  A  S  0  
A M J J A S O  D  
M  .  A  S  0  N  D  
M  J  A  S  0  
Later homynym. 
See p. 85, Begres, 
1971• Not in Van 
Landingham, 1975' 
Plate IV, Fig. 3 
A M J J A S 0  D 
M A S 0  N D 
M J A _s 0  
A M J J A s 0  D 
M A s 0  N D 
M J A s 0  
A M J J A s 0  D  
M  A s 0  N  D  
M  J  A  s 0  
Table 1? (continued.) 
Taxon 
% samples in 
which encountered 
N. nigrii De Notaris 1972 
1974 + 
1975 + 
N. notha Wallace 1972 
1974 
1975 
26 
N. pelliculosa (Breb.) 
Hilse 
1972 7 
1974 + 
1975 
N. placentula (Ehr.) 
Kuetz. 
1972 + 
1974 1' 
1975 
N. pupula Kuetz. 1972 89 
1974 91 
1975 86 
N. pYiSyriaea Kuetz 1972 41 
1974 + 
1975 2:. 
N. radiosa Kuetz. 1972 + 
1974 
1975 J 
Periodicity 
(months) Comments 
A M J J A S 0 
M A S 0 
M J A S 0 
N 
D 
D  
A M J J A S O  D  
M  A  S  0  N  D  
m  J  A  s  0 
( S ) M J J A S O  D  
M  A  S  0  N  D  
M  J  A  S  0  
A M J J A S O  D  
M  -  A  S  0  N  p  
M  J  A  S  0  
A  M  J  J  A  0  D  
M  A  ©  0  N  D  
" (M) J Â0Ô " ~ 
A M J J A S O  D  
M  A  S  0  N  D  
M  J  A  S  0  
A M J J A S O  D  
M A S 0 N D 
M J A S 0 
Table 1? (continued) 
Taxon 
^ samples in 
which encountered 
N. radio sa Kuetz. 
var. tenella (Breb. 
ex. Kuetz.) Grun. 
in V.H. 
N. salinarum Grun. var. 
intermedia (Grun.) 
Cleve 
1972 
1974 
1975 
1972 
1974 
1975 
11 
20 
14 
34 
67 
14 
J 
N. secreta Krasske ex. 1972 19 
Hust. var. apiculata 1974 l4 
Patr. 1975 
N. subminuscula (?) 
Manguin 
1972 
1974 + 
1975 
N. subtillissima Cleve 1972 
1974 
1975 
N. symmetrica Patr. 1972 
1974 
1975 
7 
33 
N. tantula Hust. 1972 
1974 
1975 
Periodicity 
(months) Comments 
M J J A S 0 D 
A S Û N U 
M J A S 0 
M J J A S O  D  - M o s t  a b u n d a n t  O c t .  
A S 0 N p -Most abundant Nov. 
M J A S 0 
M J J A S O  D  
A S 0 N D 
M J A S 0 
M J J A S O  D  
A 5 0 rj D 
M J A S 0 
M J J A S 0 D 
A S 0 N H 
M J A s 0 
M J J A s 0 D 
A s 0 N D 
M J A s 0 
M J J A s 0 D 
A s 0 N D 
M J A S 0 
N. expecta (V. 
Land.) var. apicu­
lata (Patr.) V. 
Land. See Van Land 
ingham, 1975, P-
2792 
Table 17 (continued) 
Taxon 
% samples in 
which encountered 
N. tripunctata 1972 11 
(O.P. Muell.) 1974 + 
Bory 1975 
N. viridula Kuetz. 1972 8 5 
var. argunensxs 1974 60 
Sku. 1975 29 
N. viridula Kuetz. 1972 30 
var. rostellata 1974 53 
(Kuetz.?) Cleve 1975 29 
N. wittrockii (Lagst.) 1972 11 
A. Cleve-Euler 1974 
1975 
Neidium affine (Ehr.) 1972 + 
Pfitz. 1974 + 
1975 + 
N. affine (Ehr.) 1972 
Pfitz. var. 1974 
1^' tenuiro stris 1975 
N. affine 
Pfitz. 
(Ehr.) 
var. ? 
1972 
1974 
1975 
13 
Periodicity 
(months) Comments 
M J J A S .0 D ?N. o strearia 
A S_ 0 N D (Gaillon) Bory; 
M J A S 0 see Van Landingham 
1975, p. 2386,2857 
IS
 
©
 
J A © 0 D IS © 
A S 0 N D 
M J A S 0 
M  J J A S 0 D 
A s 0 N D 
M jJ A s 0 
M  J J A s 0 D 
A s 0 N D 
M  J  A s 0 
M J J  A s 0 D  
A s 0 N D 
M  J  A s 0 
M J J A s 0 D  
A s 0 N D 
M  J  A s 0 
M  J  J  A s 0 D  
A s  0 N  D  
M J A S 0 
Table 1? (continued) 
Taxon 
^ samples in 
which encountered 
N. dubium (Ehr.) 
Cleve 
1972 
1974 
1975 
14 
Nitzschia accomodata 
Hust. 
1972 
1974 
1975 
20 
50 
N. acicularis 
CKuetz.) W. Sm. 
1972 
1974 
1975 
81 
80 
86 
N. acicularoides Hust. 1972 
1974 
1975 
52 
6o 
21 
N. amphibia Grun. 1972 
1974 
1975 4 
44 
4? 
N. apiculata (Greg.) 
G run. 
1972 
1974 
1975 
ICO 
73 
21 
N. capitellata Hust. 1972 
1974 
1975 
7; 
92 
Periodicity 
(months) Comments 
A M J J A S O  D  
M A S 0 N D 
J M J A S 0 
A M J J A S O  D  — N o  d a t a .  
M A S 0 N D Plate V, Fig. l6 
M J A S 0 Plate VI, Fig. 9 
Plate VII, Fig.10 
® M J ® A ©0 _ D 
M Plate VI, Fig. 4 
(M> (J)®©0 Plate VIII, Fig. 3 
A M J J A 0 _p — Combined with N. 
M . A S 0 N D subrostratoides 
M J A S 0 Plate VIII, Fig.4 
A M _ J _ J A _ S 0  D  -  M o s t  a b u n d a n t  i n  
M A S 0 N D April 
M J A S 0 
A M jl jJ A _S 0 J) - Approaching in 
M A _S 0 D Sep. and Oct. 
M J A S 0 
A M J J A S O  D  -  N o  d a t a .  
M A _S 0 _P — Approaching in 
M Sep. and Oct. 
Plates V,VII,III. 
Table 1? (continued) 
% samples in 
Taxon which encountered 
N. communis Rabh. 1972 
1974 2C 
1975 
N. congolensis Hust. 1972 
1974 
1975 + 
N. dissipata (Kuetz.) 1972 26 
G run. 1974 ?:•) 
1975 1^-
N. elegans Hust. 1972 
1974 + 
1975 + 
N. fonticola Grun. 1972 15 
1974 4? 
1975 2:. 
N. frustulum (Kuetz.) 1972 59 
Grun. 1974 33 
1975 3': 
N. frustulum (Kuetz.) 1972 
Grun. var. 1974 14 
perpusilla Rabh. 1975 
Periodicity 
(months) Comments 
M J J A S 0 D 
A S 0 N D 
M J A S 0 
M J J A S 0 D 
A S 0 N D 
M J A s 0 
M J J A s 0 (s) 
A s 0 M D 
M J A s 0 
M J J A s 0 D 
A iî 0 N D 
M J A s 0 
M J J A s 0 D 
A s 0 N D 
M J A s 0 
M J J A s 0 D 
A s 0 N D 
M J A s 0 
M J J A s 0 D 
A s 0 N D 
M J A s 0 
Table 17 (continued) 
% samples in 
Taxon which encountered 
N. hungarica Grun. 1972 
1975 
4-8 
I C O  
6k J 
N. lauenburgiana 
Hust. 
1972 
1974 
1975 
14 
36 
N . linearis (Agardh.) 
Wo Sm. 
1972 
1974 
1975 
ICO 
100 
86 
N. palea (Kuetz.) 
Wo Sm. 
1972 
1974 
1975 
93 
71 
N. perminuta Grun. 1972 
1974 
1975 
IS' 
33 
29 
N. phillipinarum 
Hust. 
1972 
1974 
1975 
+ 
30 
N. pilum Hust. 1972 
1974 
1975 + 
Periodicity 
(months) Comments 
A ( M ) 0 J A S O  D  
M A S 0 N D 
M J A S 0 
Approaching 5% in 
Sep. Plate IV, 
Fig. 5 
A M J J A S O  D  
M A S 0 N D 
M J A S 0 
^ A (M)(3)® A D 
0 A Plate VIII, Fig. 
M 
(M) J A S 0 2, 12 
A M J J A S 0 D — No data. 
A S 0 N D Plate VII, 
M J A S 0 13-17 
\o 
A M J J A S O  JD 
M A S 0 N D 
M J A S 0 
A M J J A S O  D -No data. 
M  A  S  _ 0  N  D  
M  J  A  S  0  
A M J J A S O  D  - N o  d a t a .  
M A _S. 0 J!J D 
M J A Jz 0 
Table 17 (continued) 
^ samples in P e r i o d i c i t y  
Taxon which encountered (months) Comments 
N. sigmoidea (Nitzsch) 1972 37 A M J J A S 0 D —Most abundant in 
W. Sm. 1974 27 M A S 0 N D April. 
1975 J M J A S 0 
N. speciosa Hust. 1972 A M J J A s 0 D 
1974 + M A s 0 N D 
1975 J M J A s 0 
N. stagnorum Rabh. in 1972 A M J J A s 0 D -Not distinguished 
Cleve and Grun. 1974 15 M  A s G  N D  from N. thermalis 
1975 J M J A s 0 
N. subacicularis Hust. 1972 A M J J A s 0 D 
1974 M A s 0 N D 
1975 21 J M J. A s 0 
N. subcapitellata Hust. 1972 100 1 (E) (J) @ © Cô) D Plate III, Fig. 1 1974 100 (M) 0 ®(Em 7; Plate V, Fig. : 1975 93 J M @ 0 -10; Plate VII, 
Fig. 1-8 
N. sublinearis Hust. 1972 A M J J A s 0 D 
1974 + M A s G N D 
1975 J M J A s 0 
N. subrostrata Hust. 1972 A M J J A s 0 D  
1974 M  A  s 0 N  D  
1975 + J M J A  s G 
Table 17 (continued) 
Taxon 
% samples in 
which encountei 
N. subrostratoides 
Cholnoky 
1972 
1974 + 
1975 
N. thermalis (Ehr.) 
Auers. 
N. umbilicata Hust. 
Nitz schia sp. #21 
Nitz schia sp. #23 
1972 48 
1974 73 
1975 71 
1972 63 
1974 93 
1975 57 
1972 
1974 20 
1975 + 
1972 
1974 
1975 27 
Nitzschia sp. #26 1972 
1974 20 
1975 
Nitzschia sp. #33 1972 
1974 
1975 + 
Periodicity 
(months) Comments 
A M J J A ( ^ 0  D  Not distinguished 
M A S iL N D from N. 
M J A  S 0 acicularoides 
A M Q)A jA ^ 0 D 
M  A _ S © J ^ D  
M- J 
A JL(J)J-A s _0 D Approaching 5fo in 
M  A  S  _ 0  N  D  Sep. Max. in Aug. 
M J  A  S 0 and Oct. Plate vm tv. 
Fig. 8 
A M J J A S O  D  
M  A J l O  D  See Plate VIII, 
M _ J  A  S 0 Fig. 9 
A M J J A S O  D  
M  A  S  0  N  D  Plate VII, Fig. 
JL J AjSjO 11-12 
A M J J A S O  D  
M  A  S  0  N  D  Plate VIII, Fig. 
M  J  A  S  0  1 0  
A M J J A S O  D  
M A S 0 N D Plate VIII, Fig.5 
M J A S 0 
Table 17 (continued) 
Taxon 
% samples in 
which encountered 
Pinnularia 
(Kuetz.) 
brebissonii 
Rabh. 
1972 52 
1974 + 
1975 + 
P. viridis 
Ehr. 
(Nitz.) 1972 + 
1974 
1975 
P. viridis 
Ehr. var 
Clave 
(Nitz.) 
. minor 
1972 
1974 + 
1975 
Pinnularia spp. 1972 18 
1974 33 
1975 14 
Rhopalodia gibba (Ehr,. ) 
0 Mueller 
1972 + 
1974 
1975 
Stauroneis 
(Nitz.) 
phoenicenteron 
Ehr. 
1972 + 
1974 
1975 
S. smithii Grun. 1972 15 
1974 + 
1975 14 
Periodicity 
(months) Comments 
M  J  J  A  S  0  D  
A  S  0  N  D  
M  J  A  S  0  
M  J  J  A  0  D  
A  S  0  N  D  
M  J  A  S  0  
M  J  J  A  S  0  D  
A  S  0  N  D  
M  J  A  S  0  
M  J  J  A  S  0  D  
A  S  0  N  D  
M  J  A  S  0  
M  J  J  A  S  0  D  
A  S  0  N  D  
M  J  A  S  0  
M  J  J  A  S  0  D  
A  S  0  N  D  
M  J  A  S  0  
M J J A S 0 D 
A S 0 N D 
M J A S 0 
Table 1? (continued) 
fo samples in 
Taxon which encountered 
Surirella angusta 1972 93 
Kuetz. 1974 87 
1975 43 
S. biseriata Breb. 1972 + 
1974 
1975 
S. iowensis Lowe 1972 63 
1974 93 
1975 29 
S. ovalis Breb. 1972 70 
1974 87 
1975 57 
S. ovata Kuetz. 1972 81 
1974 100 
1975 29 
S. ovata Kuetz. var. 1972 48 
pinnata (W. Sm.) 1974 14 
Hust. 1975 + 
S. robusta var. 1972 + 
splendida (Ehr.) 1974 
V.H. 1975 
Periodicity 
(months) Comments 
® M ( J ) J A S ©  D  
M A S © N D 
M J A S 0 
Plate III, Fig. 
11 
A M J J A S O  D  
A S 0 N D 
M J A S 0 
A M J J A S O  p  
M A S 0 N p 
M J A S 0 
Approaching 
in Oct. and Nov. 
(A)M 0 J A CDo D 
M A S 0 N p 
M 0 A (s) 0 
©M (J) J A S(Ô)_@ 
@  A I g ® ®  
M J A S 0 
A M J J A S O  p  
M A S 0 N D 
M J A S 0 
•Only abundant at 
station 1 
Plate III, Fig. 
12, 72^ of com­
munity on 1 Apr. 
1972 at stat. 1. 
This collection 
was mistakenly 
deleted from 
figure 24 
A M J J A S O  D  
M A S 0 N D 
M J A S 0 
Table I7 (continued) 
io samples in 
Taxon which encountered 
S. tenera Greg. 1972 7 
1974 14 
1975 J 
Synedra parasitica 1972 + 
(W. Sm.) Hust. 1974 
1973 
S. rumpens Kuetz. 1972 7 
1974 
1975 J 
Periodicity 
(months) Comments 
M J J A S 0 D 
A S 0 N D 
M J A S 0 
M J J A S 0 D 
A S 0 N D 
M J A S 0 
M J J A S 0 D 
A S 0 N D 
M J A S 0 
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frequently encountered genera were Navicula (38 taxa), 
Nitzschia (33 taxa), Surirella (8 taxa) and Caloneis (8 taxa). 
The remaining I8 genera were represented by 42 taxa. 
Eighteen taxa on at least one occasion composed at least 
Sfo of the epipelon. These taxa were Cymatopleura solea, 
Gyrosigma scalproides, four Navicula species, nine Nitzschia 
species, and three Surirella species (Table 1?). 
Although there was considerable variation in the structure 
of the community among the three years, a pattern of seasonal 
periodicity of these taxa became evident. During the winter, 
Surirella ovata, Nitzschia dissipata and N. linearis were 
most often the dominant taxa in the epipelon. In the late 
fall, Navicula lanceolata, Cymatopleura solea, Nitzschia 
linearis and N. subcapitellata were most abundant. During 
the mid-summer months, Nitzschia acicularis and N. sub­
capitellata were co-dominant. N. subcapitellata, however, 
composed at least 5^ of the community at least once during 
every month sampled, but was most abundant during July and 
August: In 1972; but not in 19?^: N. aci cularis preceded and 
followed N, subcapitellata (Figures 24, 25). In May 1975, 
N. acicularis preceded N. subcapitellata but the latter 
remained abundant through October (Figure 26). 
Five taxa were most common preceding and following the 
mid-summer dominance of N. subcapitellata and N. acicularis; 
Navicula viridula var. argunensis, Nitzschia thermalis, 
Figure 24. Relative abundance of diatom taxa representing 5^ or more of the 
epipelon from the Skunk Riveri Iowa during 1972. 
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Nititchio hungorica 
f4itiichia umftNlicato 
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1972 
m 
Navicula viridula 
var. argunensis 
Nitzschia subrostratoides 
Cymatopleura solea 
Navicula lanceolata 
^0 Navicula pupula ^ 
H ^ Nitzschia acicularis 
Nitzschia dissipata 
I I Nitzschia linearis 
y Nitzschia subcapitellata 
I I Surirella angusta 
Surirella ovalis 
00 Surirella ovata 
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Figure 25. Relative abundance of diatom taxa representing or more of the 
epipelon from the Skunk F:iver, Iowa during 197^. 
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Figure 26. Relative abundance of diatom taxa representing 
Sfo or more of the epipelon at station 6 from the 
Skunk River, Iowa during August and September 
197^» and all of water year 1975-
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Cymatopleura solea 
Novicula lanceolata 
Novicula pupulo 
Nitzschio ocicuioris 
^ Nitzschio capitellata 
I 1 Nitzschio linearis 
Hj] Nitzschio subcapiteilota 
ijISI Nitzschio thermolis 
Suri relia ovoto 
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N. umbilicata, Surirella angusta and S. ovalis. Four taxa, 
Gyrosigma scalproides, Nitzschia capitellata, N. acicularoides 
(N. sulprostratoides), and Navicula pupula became abundant only 
in September and October, while Navicula pelliculosa was only 
abundant in Spring. 
During 1972 certain taxa became abundant which never 
reoccurred in quantity in the epipelon in following years. 
Nitzschia dissipata composed approximately ^0^ of the com­
munity in December, but was only sparse in subsequent 
collections. Likewise, N. hungarica, N. thermalis, N. 
umbilicata, and Surirella angusta achieved maximum abundance 
in 1972. 
The structure of the community was sometimes very 
different at different stations on the same date. This was 
particularly true in 197'+ (Figure 25). when unl^ on lu 
November were nearly identical communities present at two 
stations. In 1972 the same taxa were usually present at all 
stations and, more often than in 1974, were in nearly equal 
proportions. The data from 1975 are not graphically presented, 
but the dominant taxa at different stations on the same date 
were mostly the same and in similar proportions. 
Non-diatom members of the community were frequently 
encountered, but never in great numbers. Although usually 
rare, the desmid Closterium acerosum on one occasion was 
abundant enough to color the epipelon distinctly green. The 
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other most abundant non-diatom members were Oscillatoria sp. 
#4 and #1. In the early spring, mats of these algae covered 
the surface of the mud and sometimes rose to the water 
surface carried by trapped bubbles of oxygen from photo­
synthesis. No mats developed in the summer. In addition to 
0scillatoria and Closterium, Scenedesmus spp., Pteromonas 
angulosa, chlaydomonads and Euglena spp. were frequently 
encountered. 
Euglena viridis became an important member of the 
epipsammon in early Spring. The wetted sand was sometimes, 
especially during March and April, colored distinctly green 
from this alga. The epipsammon did not appear to be an 
important community other times of the year. 
p 
Quantitative estimates (cells/mm ) of the epipelon were 
made during July 197^» after Lhe high waters following heavy 
rainfall in June of that year. On 17 and 18 July, five 
quantitative samples were taken at station 6 in as many 
microhabitats as could be identified. The estimates of the 
p 
numbers of cells/mm ranged from 25,200 to 44,500, with a 
mean of 34,400. Partial recolonization of sampled areas was 
evident 24 hours after they were taken. 
I attempted to determine the fate of phytoplankton 
species which settle out onto the sediments. Five gallons 
of Skunk River water were placed in a 20 gallon 
aquarium in the laboratory in which sterile autoclaved 
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sediment collected from the margin of the river served as the 
substrate. Incubation was under fluorescent and incandescent 
light at 20°C in a growth chamber. After l4 days Scenedesmus 
spp. and Oscillatoria sp. 5 were the dominant organisms on 
the sediments. Also present were the green algae Actinastrum 
and Coelastrum, and the diatoms Nitzschia subcapitellata and 
N. acicularis. Additional sediment was then added to the 
aquarium covering the existing flora. By the next day, motile 
diatoms and 0scillatoria sp. 5 were the dominant forms on 
the sediments, and on the following day only motile forms 
were present. 
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DISCUSSION 
Three major algal communities were identified in the 
Skunk River: the phytoplankton, and the epipelic and 
epilithic periphyton. Because of the absence of submersed 
aquatic macrophytes, epiphytes were mostly restricted to 
growth on the filamentous epilithic species. Little growth 
was observed on other substrates, e.g. fallen trees. 
The epipelon appeared to be the more important of the 
two periphyton communities because rocky bottom areas were 
almost exclusively restricted to the upstream stations (1, 2, 
3, and 4). The remainder of the study area had predominantly 
sand-silt substrate. Pennate diatoms, the major component 
of the epipelon, were then the major forms of benthic algae 
in the river. They were also one of the major forms in the 
plankton. 
The original purpose of this study, to undertake a 
floristic survey of the major communities, soon became 
expanded to include detailed investigations in five areas; 
the taxonomy of some of the species of the genus Nitzsohia 
occurring in the epipelon of the Skunk River, the community 
structure of the epipelon and its seasonal changes, the 
relationship between the plankton and epipelic communities, 
the taxonomy of the epilithic Rhodophycean alga inhabiting the 
riffle areas, and the effect of severe flooding on all the 
algal communities. The taxonomic sections appear in separate 
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subsections, while the others are incorporated in the sections 
entitled, Epilithon, Phytoplankton, and Epipelon. 
Phytoplankton/Skunk River Flood 
The density of phytoplankton in the Skunk River was 
generally less than that reported for other streams in the 
state. Kilkus £t al. (1975) found average summer levels of 
2^,500 cells/ml in ik Iowa streams, including the Skunk River. 
Diatoms were the dominant forms in 95?^ of their samples. 
Gudmundson (1969), however, reported concentrations up to 
281,074 algal units/ml from the Des Moines River during May, 
1968. Mid-summer values from the Des Moines River fluctuated 
between 22,000 to 169,000 units/ml. Low densities did not 
occur there until early winter. The Skunk River, on the other 
hand, supported a relatively depauperate plankton community. 
Densities less than 10,000 units/ml were not uncommon, even 
during mid-summer. Like the Des Moines River, lowest densities 
occurred in the late fall and early winter. During 1974-1975, 
the greatest phytoplankton density (59,000 units/ml) occurred 
during low flow condition in October 1975• The maximum 
density of phytoplankton observed during 1972 was only 10,500 
units/ml. The low values during 1972 may be because net 
plankton, not bottle plankton, was collected. 
There were also distinct qualitative differences among 
these rivers. Kilkus et al. (1975) stated that diatoms, 
especially the genera Cyclotella, Navicula and Synedra, were 
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the most important members of the plankton. Gudmundson found 
centric diatoms (Stephanodiscus and Cyclotella) were most 
common in the plankton of the Des Moines River. Drum had 
noted earlier (1964) that centric diatoms were the most 
abundant forms in the plankton. 
While the Des Moines River contained an important centric 
diatom flora the Skunk River usually did not. Jones (1972) 
and I concurred that the most important plankton species were 
benthic forms, primarily epipelic species. Epilithic species, 
as a rule, were not important members of the plankton. Depth 
of the river may be the key to the difference between the 
large and small rivers. Swanson (197^) and Bachmann (1975) 
put forth the hypothesis that phytoplankton in central Iowa 
streams arises from the benthos, and that the rate of loss or 
transport is preportinnxl to the production rate. The 
production rate, of course, is related to light penetration 
to the substrate. In a deep turbid river (e.g. the Des 
Moines) a relatively small percent of the bottom can support 
algal growth, while in a smaller stream, a much larger percent 
of the substrate is "productive". 
Small tributaries of larger rivers then are probably the 
source of much of the suspended algae. Swanson and Bachmann 
(1976) noted that "There probably is an upper limit to the 
size of a stream system where this (model) would apply, with 
true plankton growth assuming a greater importance in larger 
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river systems." According to their hypothesis, during 
maximum benthic growth, there should be a corresponding 
increase in the plankton populations. My data supports this 
hypothesis. Swanson and Bachmann found a highly significant 
relationship (r = O.96) between the log of the upstream bottom 
area and the log of the water shed area. Furthermore, a 
highly significant relationship (r = 0.99^) was found between 
the summer algal exports and the stream bottom area. These 
results quantitatively supported their idea "that nearly all 
planktonic algae in small rivers originate from the benthic 
community." 
Drum's (1964), Gudmundsons' (1969). and Starret and 
Patrick's (1952) data at first seemed to contradict this 
hypothesis. They found a predominance of centric diatoms in 
the plankton, and centric dia Lumw are iiuruially not considered 
benthic forms. Drum (1964) did mention that centric forms 
were very abundant in the benthos in the summer months 
"... probably as a result of settling out from the plankton." 
The question is, then, can centric diatoms survive and pos­
sibly reproduce in sufficient numbers in the benthos to 
become important members of the plankton? Also, if they do 
not arise from the benthos, from where do they originate? 
The answer may lie in the fact that centric diatoms 
lying on sediments may be a much less stable association than 
true benthic species, i.e. those possessing the raphe. 
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Planktonic forms are adapted for buoyancy. Therefore, even 
slight disturbances may dislodge them from their temporary 
position on the mud and resuspend them in the plankton 
I have shown that (Fig. 1^), in the Skunk River, centric 
diatoms are important members of the plankton only during 
low flow (below 80 ft^/sec) conditions, when the chance of 
burial by sedimentation is at a minimum but current is perhaps 
strong enough to resuspend them into the plankton. 
Drum's observation of centric diatoms growing on the 
sediments of the Des Moines River, then, is not unlikely 
during periods of low flow, especially in pools where the 
danger of burial by sedimentation is at a minimum. Settling 
and resuspension of the cells could alternate readily with 
slight changes in flow rates. 
"True" benthic species, however, such as Nitaschias 
observed in the sediments of the Skunk River, were growing in 
macroscopic aggregates of semi-bound silt. These "aggregates" 
may be the result of soil particles bound together by the 
secretions from, perhaps, the raphes of motile epipelic 
species. On one occasion I observed a well-established 
epipelic community in a swiftly moving riffle area at station 
3. These diatoms were so tightly bound to the mud substrate, 
they could not be removed except by scraping. Even then, they 
did not become disassociated from the sediment particles. 
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In the Skunk River, sedimentation is a major ecological 
factor in relation to survival in the mud. Round and Happey 
(1965) mentioned the importance of motility in this community 
as a mechanism to overcome burial. During one phase of the 
study, I attempted to measure the vertical migration of 
epipelic species, using the tissue paper trapping method of 
Eaton and Moss (I966). The attempt failed because the tissue 
papers which were placed on the sediments were completely 
buried within 2^ hours. These sediments either appeared as 
"fallout" from the plankton or moved in laminar flow down­
stream. 
The high correlation between the presence of Nitzschia 
acicularis and the rest of the Nitzschia spp. in the plankton 
and the bottom sediments indicates that these communities are 
closely related. That N. acicularis and Nitzschia spp. had 
significantly different slopes in the linear regression model 
(Figures 6-11 and Table 9) is not surprising. Nitzschia 
acicularis is very lightly silicified and is probably 
considerably less dense than many other members of the genus, 
especially species such as N. thermalis, N. linearis, and 
N. capitellata (see Plate VI fig. 1, 4; Plate V, figs. II-I6; 
and Plate VIII figs. 2, 12). It is therefore probably more 
prone to become dislodged by current, abrasion by moving 
particles, or from increased buoyancy as a result of Op 
production from photosynthesis. Nevertheless, figures 7, 8, 
l4l 
and 11 show that its presence simultaneously in the epipelon 
and the plankton is highly correlated (r = 0.90, 0.80, O.83, 
respectively), more so than the grouped remainder of the 
Nitzschia spp. 
It is unlikely that individual cells become more bouyant 
as a result of Og accumulation from photosynthesis. However, 
it is a common observation (Blum, 195^» 1957; Swanson and 
Bachmann, 1976) that "wefts" of epipelic algae may rise to 
the surface of the water with the aid of bubbles of Op 
trapped in aggregates of sediment. 
Another factor which may effect the appearance of 
epipelic species in the plankton is their vertical migration. 
F. E. Round and his students and associates (see Literature 
Review) have shown that epipelic species tend to migrate to 
the surface of the sediment during the day, and retreat 
below the sediments at night. 
Further evidence that the two communities are inter­
related is the data from 13 September 1975» Only the northern 
most station supported an epipelic flora, but epipelic species 
were present in the plankton of the downstream stations. On 
17 October 1975, however, epipelic species only occurred in 
the plankton of the downstream stations where an epipelic 
flora was present. 
Little doubt remains, then, since Swanson and Bachmann 
(1976) showed that a high correlation exists between 
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phytoplankton biomass and the area of stream bottoms, and that 
I have shovm a positive relationship between the dominant 
algal species in the plankton and the sediments, that the 
epipelon and the plankton are closely related communities. 
Instead of stating simply that the epipelon is the source of 
the plankton, I suggest the two communities be regarded as 
related components of a system in which certain ambivalent 
taxa are able to continue normal functions in both communities. 
The epipelon acts as a depository and the flowing water as 
a transporting agent and each, at different times or 
simultaneously, may act as the source for the other. 
There may also be point sources contributing to the 
phytoplankton. The phytoplankton data from 17 October showed 
a large influx of centric diatom somewhere between stations 
1 and 2 (Figures l6, 17). It is unlikely that the Story City 
effluent would stimulate a six fold increase of algae within 
such a short distance, but a possible point of discharge has 
not been located. 
Jones (1972) established that the standing crop of 
phytoplankton (measured as chlorophyll a) passing one point 
in the river increased with volume of flow, i.e. the number 
of algal cells moving down the river per second was greatest 
at high discharge, even though algal concentrations were 
lower. My data (Figure 19) deviated from his model when flow 
was continuously high after a sudden increase in flow during 
143 
November 1974 (points (238, 7.5xlo9), (229, 6.9xlo9) (Fig. 
19). We can assume that benthic sources of the plankton 
would become depleted under such conditions. 
The relationship between algal units/sec and flow 
following the flood (Figure 23) deviated greatly from Jones' 
data. However, the highest discharge during that period was 
approximately five times that reported by Jones. Instead of 
a linear relationship, the data assumed a curved relationship, 
very unlike that illustrated by Jones (1972). At both Skunk 
River stations, algal units/sec increased between 350 and 
1050 ft^/sec as was expected, but were higher than expected 
below 350 ft^/sec, when the flood waters were rapidly receding 
to pre-flood levels. The data also deviates from Jones' 
model at the highest flow (ca. 2000 ft^/sec) where algal units/ 
sec is less than predicted. This is not surprising, however, 
because at the time of that sampling, the river had undergone 
severe scouring for three days, and there is no doubt that 
most reservoirs of the plankton had become depleted. Why the 
number of algae passing down the river rapidly increased 
during decreasing flow below 350 ft^/sec is not clear. 
The speed of recovery of the algal communities in the 
river was surprising. Within 24 days after the initial flood, 
the algal communities in the river appeared to be at pre-flood 
levels, Epiplithic growths of the Cladophora/Audouinella 
community appeared healthy, and a noticeable epipelic growth 
1# 
had developed along the margins of the river. Phytoplankton 
density was approximately 20,000 algal units/ml, the highest 
value recorded for that mid-summer period. This rapid 
reestahlishment may explain the unexpected increased algae 
in the discharge below 350 ft^/sec. 
Epilithon 
Because no detailed floristic surveys of Iowa's rivers 
have been completed, although the diatoms have been extensively 
investigated (see Dodd, 1971), Blum's (1957) study of the 
Saline River, Michigan, remains the standard source for 
comparison with this investigation. 
There were distinct similarities and differences between 
the floras of the Saline and Skunk Rivers. Gladophora 
glomerata and Audouinella violaoea were both important members 
of the epilithon in both rivers. However, in the Saline the 
filamentous blue-green alga Phormidium and Schizothrix formed 
a permanent crust on the rocks. Phormidium was abundant 
only at station 5 in the Skunk River where a concrete dam was 
the substrate. Current speed over the dam was generally more 
rapid than in the upstream riffle areas. This possibly 
coupled with the substrate differences may explain why this 
alga was relegated to that station. In the Skunk River, the 
coccoid blue-green algae Chroococcus turgidus and Ghroococcus 
spp. were the counterparts to the blue-green alga encrusting 
community. They did not form the conspicuous mats described 
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by Blum. Fritsch (1949) also described such a community. 
While Blum (1957) stated that a calcium carbonate encrusted 
a blue-green algal community may be expected in hardwater 
streams, this was not the case in the Skunk River. The 
counterpart to that community on the Skunk River was the 
encrusting Chlortylium cataractum which occupied a similar 
niche by precipitating calcium carbonate. 
Cladophora glomerata was the conspicuous filamentous 
alga in the Skunk River during the summer, as it is in many 
streams world wide (Blum, 1957). Cladophora declined during 
the mid-summer in the Saline River, but not in the Skunk 
River. Blum suggested that this phenomenon was correlated 
with leafing out of trees and subsequent shading of the 
stream. Except at station 2, shading did not appear to be 
significant, but even at that station luxuriant growths of 
Cladophora persisted. Only after periods of increased flow 
did the plant become reduced, 
Blum described an Oscillatoria community which grew in 
quiet pools throughout the summer. This community was only 
abundant in spring in the Skunk River and was reduced, 
possibly outcompeted by diatoms, during mid-summer. 
One genus which was expected to occur more frequently in 
the Skunk River but was absent was Spirogyra. I observed it 
in a number of streams in central Iowa, but only very rarely 
in the Skunk River. Spirogyra usually was inhabiting quiet 
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pools along the margin of streams, but this microhabitat was 
infrequent in the Skunk River. 
The dense winter growth of Gomphonema olivaceum was 
common to both rivers. Blum found Diatoma vulgare in 
abundance before and after the maximum G. olivaceum growth. 
Diatoma vulgare was mostly an epiphyte in the Skunk River and 
never developed as macroscopic growths on rocks. 
The red alga Batrachospermum boryanum was common in the 
Saline River in late winter and early spring but was never 
collected in the Skunk River. It is usually confined to 
heavily shaded portions of streams (Blum, 1957; L. A. Whitford, 
197^1 North Carolina State University, personal communication) 
and disappears by May as light intensity increases. 
Blum found that Stigeoclonium tenue was restricted to 
pu±±uueCi purulunb U± Cue ûàxliié nivcr. iTi "Cue oKUilxv nlVci", 
however, Stigeoclonium sp. (aff. nanum) occurred in slow 
moving portions of the river at all stations. The growth was 
not as luxurient as described by Blum. 
Tetraspora sp. was only encountered in summer in the 
Skunk River, but Blum listed it as a characteristic species 
of polysaprobic riffles in winter. From his description of 
the taxon it is doubtful that the two species are the same 
which would account for the autecological differences. 
The counterpart of the spring maximum of Euglena viridis 
in the epipsammon of the Skunk River occurred in the fall in 
1^7 
the Saline River. Euglena viridis and E. sociabilis were the 
species Blum found in that community. The epipsammic growth 
appeared earlier in the year in the Saline River than in the 
Skunk River. 
The two rivers, then, have striking similarities and 
differences. The major epilithic taxa are the same in both 
throughout most of the year, the differences occurring 
primarily in the spring and early winter. Unfortunately, 
Blum never mentioned if an epipelic community developed in 
the Saline River, although he did collect Nitzschia palea 
from the "benthos". 
Epipelon 
There is little basis for comparison of the results of 
th-ÎR study to other- studies in North America. The work of 
Round and Happey (1965) was one of the few investigations 
concerned with the epipelon in freshwater streams. The 
species composition of those British streams was similar to 
that found in the Skunk River, the dominant genera there 
being Nitzschia, Navicula, Amphora, and Pinnularia. Amphora 
ovalis, Caloneis amphisbaena, Cymatopleura solea, Surirella 
ovata, Nitzschia acicularis, and Navicula cryptocephala are 
species common to both investigations. Round and Happey did 
not attempt to identify members of the "Nitzschia lanceolata 
aggregate". 
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In another investigation, Round (1972) identified the 
seasonal succession of epipelon in ponds. Some of the species 
encountered in the river study (Round and Happey, 1965) were 
present in the epipelon in the ponds (Navicula cryptocephala, 
Caloneis amphishaena, Nitzschia acicularis, and Cymatopleura 
solea), plus others I found in the Skunk River (Navicula 
pupula, Nitzschia palea, Nitzschia dissipata, Navicula 
cuspidata). 
In Iowa Drum (1964) and Fee (196?) sampled the sediments 
in two Iowa rivers. Drum found Nitzschia dissipata, N. palea, 
N. subcapitellata, N. linearis, and Cymatopleura solea to be 
important members of the benthos. Fee also sampled epipelic 
habitats in Dutch Creek, Iowa and found a large proportion 
of the same species encountered in Drum's and this investiga­
tion. 
Round (1971) attempted to establish the seasonal 
periodicity of the dominant epipelic taxa in ponds. He found 
that Nitzschia acicularis was a mid-summer (high light/high 
temperature) species. In the Skunk River, it was also most 
abundant during that period. Nitzschia dissipata was 
restricted to growth during winter or early spring in both 
investigations. In the Skunk River, both Navicula cuspidata 
and Caloneis amphisbaena occurred throughout the year, but 
were most abundant in the late fall and early winter. 
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Round listed these species as preferring cold water under low 
light conditions. 
The ecological preferences of the majority of taxa he 
listed, however, were more difficult to interpret. He 
suggested that morphologically similar forms, with different 
ecological requirements may exist, which would explain why 
certain species appear to be present throughout the year while 
others wax and wane. Raschke (1968) proposed that the 
periodicity of algae in the Ames, Iowa tertiary sewage 
stabilization pond was related to inhibitory effects produced 
by the large population of Chlorella present in that system. 
He proposed that this alga was producing chlorellin or a 
similar substance, which was inhibiting the growth of other 
algae, zooplankton, and possibly Chlorella itself. Hartman 
(i960) reviewed the literature dealing with the elleotb of 
extracellular metabolites of algae on populations in natural 
waters. Of the 126 experiments listed, the great majority 
showed that algal metabolites produced in culture inhibited 
the growth of other species, and sometimes their own growth. 
I suspect this mechanism may have been in operation between 
N. acicularis and N. subcapitellata on at least one occasion 
in the Skunk River. At station 6, N. subcapitellata was the 
dominant taxon during mid-summer 1972. By 8 September, 
N. acicularis had become established but was replaced by 
N. subcapitellata again two weeks later, Nitzschia acicularis 
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also appeared and disappeared between 24 June and 15 July as 
N. suTpcapitellata was becoming more dominant (Figure 27). 
Although a change in ecological factors may have been the 
cause for these shifts in populations, it is very possible 
that growth inhibitors may have been partially responsible for 
the sudden shifts in the composition of the community. 
Round's (1971) concept of shock periods as the factor 
effecting the wax and wane of algal populations is probably 
applicable to this study. He postulated that four shock 
periods occur during mid-winter, spring, mid-summer, and 
autumn. These periods are characterized by rapid and intense 
environmental changes. He felt that most species are not 
able to withstand these shocks, resulting in the rapid decline 
in their numbers. Species which were best adapted to the 
conditions of a particular shock period would flourish. In 
most cases, my sampling schedule did not coincide directly 
with these shock periods. There were distinct winter and 
spring floras, however. 
The changes suggested by Round occurring in the fall and 
spring may not be as abrupt in flowing water as they would be 
in lentic habitats. He suggested that the periods of turn 
over were important factors contributing to the shock periods. 
This, of course, is not a factor in rivers. However, river 
systems are prone to the shock of periodic flooding which 
lakes are not. If flooding does not occur, changes in the 
Figure 27. Relative abundance of epipelic species at Skunk River station 6 during 
1972. Note the rapid appearance and disappearance of Nitzschia 
acicularis between 25 August and 24 September. 
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structure of the algal communities may be expected to be more 
gradual in rivers than in lakes. Nevertheless, there were 
five species which were most abundant either following or 
preceding the mid-summer dominance of N. acicularis and 
N, subcapitellata, indicating their "preference" for either 
the fall or spring shock period. 
The densities of algae on the sediments in the Skunk 
River, measured as mg chlorophyll a/m^ (Swanson, 197^) and by 
p 
cells/m (present study), was an order of magnitude greater 
than the values reported by the British studies of lakes 
(Table 18). 
Swanson reported that his data is in agreement with 
other reports from streams. It appears, then, that the 
standing crop of epipelon in general is greater in rivers 
than in lakes. 
Audouinella violacea 
Members of the Division Rhodophyta have not been reported 
frequently from Iowa. Buchanan's (190?) review inferred that 
representatives undoubtedly occur in the state, but up to 
that date had not been collected. Prescott (1931) reviewed 
l4 reports in the literature concerning the algae in Iowa, 
but reported only one red alga, Porphyridium cruentum, 
collected by R. E. Buchanan in Story County. To my knowledge, 
the only other formal report of a red alga occurring in Iowa 
was b;y Gashwiler and Dodd (1961) who found Astereocystis 
2 
Table 18. Comparison of standing crops of epipelon (measured as mg chl. a/m and 
cells/m ) from British studies, Swanson (1974), and the present study. 
Approximate maximum standing crops and July data are presented. Data 
were obtained from figures in the publications. Means are reported when 
exact data were not available. 
Source 
Moss (1969) 
Moss and Round (1967) 
Eaton and Moss (1966) 
Hickman (1971) 
Hickman and Round (1970) 
Swanson (197^) 
present study 
Total 2 
mg chl. a/m 
Maximum Reported July 
32 
59 
l4 
8 
20 
X = 11 
X =  330  
Diatom „ 
cells/m^ X 10 
Maximum Reported July 
28 10 
26^ 8 = 
X - 11 
6.5 1 . 8  
X = 3^0 
^All algal groups included. 
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growing in Silver Lake fen. However, J. D. Dodd (1976, Iowa 
State University, personal communication) has found 
Batrachospermum at Pilot Knob State Park, and in a marshy pond 
near Iowa Lakeside Laboratory in Milford, Iowa. It seems then 
that they may be widespread, but their distribution has not 
been recorded. During this study, I encountered another red 
alga, tentatively identified as Audouinella violacea, at 
times abundant in the Skunk River. Audouinella violacea 
eluded identification for some time, partially because the 
taxonomy of the genus Audouinella and related genera has been 
variously interpreted in the last 50 years. 
Drew (1928) thoroughly reviewed the taxonomic problems in 
the Acrochaetium-Rhodochorton-Audouinella complex. She united 
the marine genera Acrochaetium Naeg. and Rhodochorton Naeg. to 
form the emenaed genus Rhodochorton (Naeg.) Drew. In a la Lex-
paper (Drew, 1935) she transferred the freshwater alga 
Chantransia violacea Kuetz. (Audouinella violacea (Kuetz.) 
Bory) also to the emended genus Rhodochorton (Naeg.) Drew. 
Hamel (1925). in his monograph of the Floridean 
Rhodophyceae, recognized the genus Audouinella Bory as the 
freshwater counterpart of the marine genus Chantransia, 
following the system of Brand (I910). Hamel described this 
genus as having numerous discoid or oblong chromatophores, 
numerous monospores, and lacking tetraspores. Bourrelly (1970) 
also accepted Brand's classification system. 
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Papenfuss (19^5) also reviewed this complex. He proposed 
that Audouinella, Rhodochorton, and Acrochaetium he retained 
as valid genera using chromatophore shape as the 
distinguishing characters (Table 19). Historically, 
Acrochaetium species have been described as having parietal, 
stellate, or spiral chromatophores, with Rhodochorton species 
having few irregular to many discoid chromatophores. It was 
the existence of intermediate types which prompted Drew (1928) 
to merge the two genera (Papenfuss, 19^5)' 
Table 19. Papenfuss' system for the separation of members of 
the Acrochaetium-Rhodochorton-Audouinella complex. 
Acrochaetium Naeg. single chromatophore, which may 
divide into several, one to several 
pyrenoids or apparently none. 
Asexual reproduction by 
mono spores. 
Audouinella Bory cells containing one to few spiral 
chromatophores without pyrenoids. 
Asexual reproduction by mono- or 
tetraspores. Marine and freshwater. 
Rhodochorton Naeg. few to many discoid chloroplasts 
without pyrenoids. Asexual repro­
duction by tetraspores. 
Fritsch (19^5) concluded that there was no basis for 
separating the freshwater genus Audouinella from Acrochaetium. 
He did differentiate between Acrochaetium and Rhodochorton, 
however, on the basis of their chromatophores. His description 
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of the chromatophore of Rhodochorton as being stellate or band 
shaped is decidedly different from that of Papenfuss (19^+5) • 
Feldman (1962) placed the marine genera Rhodochorton and 
Grania, and the freshwater genus Audouinella into a new 
family, the Audouinellaceae. Acrochaetium was left in the 
Acrochaetiaceae. Audouinella and Grania both had "ribbon 
shaped or more or less spirally twisted" chromatophores, but 
differed in habitat and carpogonial structure. Rhodochorton 
had disc shaped chromatophores and no known sexual reproduction. 
Members of the Acrochaetiaceae had only one central or parietal 
chromatophore. 
Israelson (19^2) was the only author surveyed who 
retained the genus Chantransia. He noticed wide variations 
in the morphologies of his Swedish specimens, and elected to 
unite all these forms under C. Hermannii (Roth) Desv., which 
he placed in synonrny with Rhodochorton violaceum (Kuetz. ) 
Drew. Most authors rejected the genus Chantransia because 
the original species described in this genus were merely 
immature forms of Batrachospermum and Lemanea (Drew. 1928: 
Smith, 1950; Hamel, 1925; Papenfuss, 1945). 
The plants occurring in the Skunk River best fit 
Prescott's (1962) and Hamel's (1925) concepts of Audouinella 
violacea (Kuetz.) Hamel. L. A. Whitford, North Carolina State 
University, verified this identification. He has been 
referring all specimens from North Carolina to this species 
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(personal communication). The plant grows as small tufted 
colonies one to three mm in height attached directly to rocks 
(Plate I fig 1) or occasionally as an epiphyte on Cladophora 
glomerata. Drew (1935) mentioned that at certain times of the 
year the plant was more frequent as an epiphyte on Lemanea 
than epilithic. It is often richly branched (Plate II figs. 
1, 2, 3; Plate I figs 3. 4) but sometimes practically devoid 
of ramifications (Plate I fig. 5)- The plant is usually 
described as distinctly violet to bright red in color (Drew, 
1935. 1936; Hamel, 1925; Israelson, 1942), but the specimens 
from the Skunk River were usually grayish green, as were 
Whitford's specimens (personal communication). 
Sexual plants were never observed in the Skunk River. 
Mono spore production was observed throughout the year but most 
profusely in The winter. Monospores were located either 
singly on the ends of short branches (Plate I fig 4) or in 
clusters (Plate II figs. 1, 2). 
The branches of some specimens from the Skunk River some­
times terminated in long hyaline hairs. Drew (1936) united 
taxa with or without hyaline hairs indicating that she did not 
regard their presence as a significant taxonomic character. 
Few of my specimens had spiral chromatophores (Plate I 
fig. 2b; Plate II figs. 4, 5) but the majority of them had 
discoid or oblong chromatophores (Plate I fig. 2a, c, d; Plate 
II fig. 3» 5)' Drew (1935) mentioned that the cells of 
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R. violaceum (Kuetz.) Drew contained parietal plastids which 
were usually more dense at the apical end of the cell. She 
stated, furthermore, that "sometimes the basal end of the 
plastid is ribbon like, and in other r^lls the whole plastid 
is dissected thus and the ribbons are spirally arranged." The 
same phenomenon was observed in some Skunk River specimens 
(Plate I figs. 2b, c) although the plastids were much more 
numerous than in Drew's illustrations. 
The greatest objection to the inclusion of my specimens 
into Audouinella violacea is the fact that the cells did not 
usually contain spiral chromatophores as described by the 
majority of the authors surveyed. The spiral arrangement of 
chromatophores was always the exception as I had to view many 
specimens to find even a single example of this arrangement. 
Only Prescott (1962), Hamel (1925), and Whitford (personal 
communication) allowed that discoid chromatophores occur in 
the genus. It seems best then to assign the taxon to 
Audouinella violacea (Kuetz.) Hamel. 
Nitzschia Taxonomy 
Kalinsky (1973) listed over 1,200 taxa of the genus 
Nitzschia and noted that taxonomy of the genus is difficult. 
Many species are highly variable in their general morphology 
and structural details of the more finely striated species are 
not easily resolved with the light microscope, even with the 
finest optical equipment. Many investigators find it difficult 
l6o 
to count striations 0.28 or 0.25 apart (i.e. 36-40 striae 
in 10 |j,m) yet such numbers are of common occurrence in this 
group. Many species are virtually alike in general outline 
and species distinctions are often made on the basis of minor 
differences in striae counts. For example, N. balcanica Hust. 
and N. subcapitellata Hust, apparently differ only in having 
striae counts of 4o and 36 striae in a 10 (am length of the 
frustule, respectively. All other commonly used taxonomic 
charac.'i ferr-, (length, width, valve shape, numbers of keel 
punctae, etc.) are in virtually the same ranges. 
Fredrich Hustedt, who named over 200 species and varieties 
of this genus often used the concept of habitus to 
differentiate taxa. This concept involves subjective 
characters of a given taxon, such as degree of silicification, 
which are not easy to evaluate witnout considerable experiexiue 
with the group of taxa being compared. The concept of 
habitus is considered untenable by those taxonomists who rely 
solely on objective criteria but nevertheless, Hustedt's 
contributions to the study of diatoms have earned for him a 
vast respect and most of the species he named in this genus 
are considered valid, even though based sometimes on less 
than solely objective criteria. 
The occurrence of auxospores in diatom populations can 
be useful in establishing size ranges and other aspects of 
morphological variation. However, auxospore formation is so 
l6l 
infrequently observed that no reliance on its occurrence can 
be placed during field investigations with finite time limits. 
During my three year study of the Skunk River no auxospores 
were observed in any of the diatom populations examined. 
For practical reasons, much of diatom taxonomy is based 
on the morphology of frustules collected from natural environ­
ments and, since some characteristics may be subject to 
environmental modification, authors frequently differ in their 
interpretation of a given taxon. It is quite possible, also, 
that populations of a given taxon which become isolated 
geographically for long periods may acquire recognizable 
phenotypic differences. 
In this connection, it should be noted that long range 
transport of diatoms is not only theoretically possible, but 
has been demonstrated, e.g. a viable specimen of a Nitzschia 
species was collected from the atmosphere at 70,000 feet by 
means of special equipment carried by a B-52 bomber (C. W. 
Reimer, personal communication). 
The following section covers a discussion of the 
Nitzschia species in my collections which have proved 
taxonomically the most difficult. Following the species name 
and authority is listed the location and characters of the 
type description. 
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Nitzschia accomodata Hustedt. 1949b. Expl. Park Nat. Albert, 
Miss. H. Damas (1935/36) 8:139 Plate 12, fig. 27-31, 3^'-. 35. 
Length: 27-32 [im> Width: 3-5-^-5 Striae: 36 in 10 iim; 
Keel punctae: mostly 12 (10-l4) in 10 |j,m. Plate V, fig. I6 ? ; 
Plate VI, fig. 9; Plate VII, fig. 10. 
This taxon is wider and more lanceolate than N. palea 
but more finely striated and usually shorter than N. 
capitellata. Cholnoky (1956, 1957. 1958), Archibald (1971), 
and Reimer (1966) noted that it is often mistaken for N. palea. 
Both N. accomodata and N. subcapitellata have 36 striae in 
10 |im, but N. accomodata usually has convex or linear sides, 
very seldom concave like N. subcapitellata, and the keel 
punctae do not have a noticeable gap near the middle of the 
valve. The smaller forms of N. subcapitellata look very much 
like N. accomodata and will be discussed under that taxon. 
Measurements of length, width, keel punctae, and striae from 
the Skunk River population conform to those of Hustedt's 
original description. Cholnoky (1958) expanded the size 
range to 44 um. This taxon has been reported from Iowa from 
the Des Moines River by Gudmundson (I969) and Drum (1964), 
from the Skunk River by Shobe ( I967)  and from drainage 
ditches by Lowe (1972). Reimer (1970)  and Raschke (1968)  
reported it from soils and waste stabilization ponds, 
respectively. Only Lowe (1972) found it to be abundant. 
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Nitzschia capitellata Hustedt. 1930. Bacillariophyta, p. 
4l4, fig. 792. Length: 4^-6^ liiti; Width: ^-5 [im; Striae: 
30 in 10 (im; Keel punctae: 12 in 10 |iin. Plate III, figs. 
8-9; Plate V, figs, 11-15; Plate VI, fig. 10 ?; Plate VII, 
figs. 18-19. 
This taxon was originally presented without a written 
description in Hustedt (1922) plate 348, figs. 57-59- It is 
best distinguished by its linear to linear lanceolate shape, 
with no noticeable gap in the keel punctae and relatively 
coarse striae, 30 in 10 (im. Individuals of the Iowa 
population of this taxon are sometimes shorter than the 
minimum given in the type description. Hustedt (1950) 
illustrated a taxon 33-5 p,m long, but my specimens were as 
small as 23 iim in length. The original description also 
showed the i.axnn with long drawn out wedge shaped apices 
but my specimens have much shorter, rounder ends. Begres 
('MB 136-3) included a specimen 28.6 um long in the Iowa 
State University diatom herbarium. Archibald (1971) illus­
trated a small form 25 um long indicating that specimens 
shorter than normal were not infrequent in his collections. 
N. capitellata was most prevelant at station 7 on 17 
October 1975 where it accounted for approximately 31% of the 
This notation denotes a permanent slide deposited in 
the Iowa State University diatom herbarium. Collections from 
Begres, 1971 (FMB) and Lowe, 1970 (RLL) were examined. 
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community. Length measurements were made on 50 frustules from 
this sample. The average length was 37 tim with a range of 
27-55 
Even the larger specimens lacked the long drawn out ends 
illustrated in Hustedt (1930). But Begres (FMB 27-2) noticed 
that his specimens usually had the characteristic ends 
illustrated in Hustedt (1922). Cholnoky (1957) observed 
transition forms between N. accomodata and N. capitellata 
where both size and striae overlapped in range. The shorter 
specimens from his collection had striae 32-38 in 10 [im. 
Since smaller forms of N. capitellata have the same shape as 
N. accomodata, he stated that a revision of the genus would 
combine the two taxa. Lowe (1970) did not report N. 
capitellata from Iowa drainage ditches. However, his 
collection (RLL 6-7-68 #2) did contain large numbers of 
individuals which resemble N. accomodata but have 28-30 striae 
in 10 (im. I would have included these in N. capitellata. 
He apparently observed the same phenomenon as did Cholnoky. 
In the Skunk River I seldom found specimens with intermediate 
striae counts although the size ranges of the two taxa over­
lap. These taxa, at least in the Skunk River, can be 
distinguished by striae count alone. 
N. tarda Hustedt, although not found in the Skunk River 
during this investigation, has been reported by six invesiga-
tions in Iowa (Dodd, 1971)> mostly from rivers. Cholnoky 
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(1958) pointed out that N. tarda, N. intermedia Hantzsch, and 
N. Goetzeana 0. Mueller and N. capitellata are all similar and 
differ mostly in length. He stated that in his samples the 
sizes of N. tarda and N. capitellata overlapped, suggesting 
that they are perhaps the same taxon. 
N. capitellata has been reported eleven times from Iowa 
(Dodd, 1971). 
Nitzschia palea (Kuetzing) W. Smith. I856.  Synopsis of the 
British Diatomaceae Vol. 2, p. 89. Length; 24-31 p.m; Width: 
2-5 |im; Striae: 35 in 10 (im; Keel punctae; 14-15 in 10 (im. 
Plate VI, figs. 5. 6; Plate VII, figs. 13 ?, l4-l6. 
Nitzschia palea may be one of the most ubiquitous and 
variable Nitzschia species. Ten validly described varieties 
of this taxon have been published (Kalinsky, 1973) and they 
are very difficult to identify with confidence. The length 
measurements were expanded by Hustedt (1924) to 40 |im in ASA 
349, fig. 1-10, and later to 65 (im (Hustedt, 1930). Begres 
(1971) illustrated a small lanceolate individual 23 |_im long. 
The type description of N. palea indicates there are 
35 striae in 10 (im, but my specimens varied between 35 to 
unresolveable (>40) in 10 jim. Hustedt (1930) gave the 
striae count as 35 to about 40 in 10 [im. Archibald (1971) 
stated that Cholnoky found ". . .in most cases the striation 
on Nitzschia palea was invisible under the light microscope." 
Archibald (1971) found the same in the Vaal Dam Catchment Area 
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in South Africa. In the Skunk River frustules were found 
which varied in coarseness of striae between valves and also 
along individual valves. Begres' specimen (FMB 322-2) in the 
Iowa State University diatom herbarium has greater than 36 
striae in 10 |j.m. 
The majority of individuals from the Skunk River were 
within the original size range of the species and agree fairly 
well with Begres* concept of this taxon. My specimens were 
mostly small and lanceolate which is not in exact agreement 
with Hustedt's illustrations (1930, 1938) which show the taxon 
more elongate and linear. Lowe's herbarium specimen (RLL 12-
12-69 #2s duplicate #1) has only 32 striae in 10 |im. I feel 
his specimen has closer affinities with N. capitellata than 
N. palea. However, Lund (19^5) claimed to have found 
individuals with 3O-36 striae in 10 |iiu. Aruiiiualu (1971) 
illustrated two "abnormal" individuals, one of which lacks 
capitations and the other has long drav/n out slender capita­
tions. 
This taxon has obviously been broadly interpreted. It 
is the second most frequently reported Nitzschia species with 
17 reports from Iowa (Dodd, 1971) .  
Nitzschia phillipinarum Hustedt. 19'+2b. Int. Rev. Gesamten 
Hydrobiol. 42:137, fig. 322-330. Length: 4^-70 p,m; Width: 
3-5-4 = 5 LIÏÏI; Striae: 32 in 10 |J,M; Keel punctae; 10-12 in 10 
lam. 
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This taxon is very similar to N. capitellata, and. perhaps 
for this reason has rarely been reported in the literature 
(Kalinsky, 1973)• Hustedt apparently differentiated between 
these two taxa by the slightly subrostrate ends in N. 
phillipinarum. All other critical characters are almost 
identical to N. capitellata. As noted previously, smaller 
forms of N. capitellata often lack the characteristic 
capitations. One of Hustedt's type illustrations (Hustedt, 
1942b, fig. 330) closely resembles the smaller forms of 
N. capitellata but the ends are rounded and cannot be 
considered capitate. Whether this relatively small difference 
constitutes a valid character for the separation of two 
species remains questionable. Only observations of the type 
collections of the two taxa can resolve the question. 
Manguin (1962) expanded the size of the species to 104 (im, 
well beyond the range of N. capitellata. Begres' report 
(1971) is the only one for this taxon in Iowa. 
Nitzschia pilum Hustedt. 1942a. Abh. Naturwisse. Yerein 
Bremen 32:210, fig. 1. Length: yu |im; width: 3-5 lim; 
Striae: 38 in 10 |j,m; Keel punctae: 13 in 10 |_im. Plate VI, 
fig. 2. 
Hustedt (1942a) based the original description of this 
taxon on one specimen and later (1957) expanded the dimensions 
to 42-70 (im long and 3-5-5-0 |im wide. The moderate sized 
individuals in gross appearance resemble N. capitellata and 
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N. ph il lip inarum but can be distinguished from them by the 
finer striae. Kalinsky (1973) cited only three reports of 
this taxon in the literature. 
The variation exhibited in this taxon (Hustedt, 195% figs. 
58-62) show specimens with both capitate and subrostrate ends. 
This adds mystery to why he originally separated N. 
phillipinarum from N. capitellata where the shape of the ends 
is seemingly the only difference between them. 
Nitzschia pilum was found in only three samples from the 
Skunk River. Begres (1971). in the only other report of its 
occurrence in Iowa, noted it as rare to uncommon in Ventura 
Marsh and Clear Lake. 
Nitzschia subrostratoides Cholnoky. 1966b.  Beihefte Nov. 
Had. 21:591 plate 6, figs, lyi-iyj. Length: 35-5'-' Wintn, 
2.5-3 M-nii Striae: 38-40 in 10 |im; Keel punctae: 11-15 in 10 
lim. 
This taxon is very similar to N. acicularoides and is 
very difficult to identify because of its fine structure, and 
variable ends. Its affinities to N. acicularoides will be 
discussed under that taxon. The only other report from Iowa 
is by Begres (1971). The original description in the only one 
reported by Kalinsky (1973) .  
Nitzschia acicularoides Hustedt. 1959a. Oesterr. Bot. Z. 
106:^15-^16, figs. 22-24. Length: 40-60 (im; Width; 2.5-
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2.8 (j,m; Striae: not visible; Keel punctae: l4-15 in 10 pm. 
Plate VIII, fig. 4. 
Kalinsky (1973) determined that Hustedt's taxon was inval-
idly described and Archibald's (1966a) taxon was valid. Neither 
taxon has otherwise been cited in the literature, according 
to Kalinsky (1973)' Hustedt's taxon is long, linear with 
parallel sides and rostrate ends, with small capitations. 
N. subrostratoides does not have parallel sides but is more 
linear-lanceolate, without long protracted ends. Begres (1971) 
illustrated a specimen with 36-38 striae in 10 |j,m and indicated 
a new variety should be named. The specimens from the Skunk 
River were considerably shorter than both Hustedt's and 
Begres' illustrations. The striae were sometimes unresolveable, 
but were usually 38-^0 in 10 (im. However, because my 
J-iliCilO UCiiLlCU. UV iidVC Jjaj. CL_LJ_C_L Û-LU.CC) aiiU UJ. u ux cau UCU. 
ends, I assigned them N. acicularoides rather than N. 
subrostratoides. The only other report from Iowa was by Shobe 
(1967)  from the Skunk River. 
Niozschis  suuacicular i s  Kustout .  1937^.  Arch. Kyurouio l .  
Suppl. 15:490, plate 4l, fig. 21. Length; 32-42 p.m; Width: 
2 |_im; Striae: 32-36 in 10 |im; Keel punctae: 14-15 in 10 (im. 
Nitzschia subacicularis resembles N. subrostrata in 
general size and shape but differs from it by having finer 
striae. Hustedt (1949) illustrated a specimen from the Belgian 
Congo which was 55 tim long and had 9 keel punctae and 21-23 
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striae in 10 (iiti. This has added much confusion to the inter­
pretation of this taxon. Either Hustedt wished to expand the 
range of this taxon or there was a mistake in the illustration. 
Archibald (1966a, 1971) and Cholnoky (1966b, I968) pointed out 
this discrepancy. 
Cholnoky (1966b) found 29-36 striae and usually 13-16 
keel punctae in 10 |im. Archibald (1966b, fig. 26) illustrated 
a typical individual with long attenuate ends, but in another 
report (1966a) illustrated a specimen 38 [am long with blunt 
capitations reminescent of N. palea, very unlike the other 
illustrations of this taxon in the literature. His specimens 
had only 12 keel punctae and 27 striae in 10 (am. This taxon 
has obviously been broadly interpreted. It has been reported 
often in the literature (Kalinsky, 1973). Drum (1964) 
reported it common at times in tne Des Moines River, but in 
the Skunk River this taxon occurred infrequently. 
Nitzschia subrostrata Hustedt. 1942b. Int. Rev. Gesemten 
Hydrobiol. 42:137, figs. 313-319- Length; 38-50 i-im; Width: 
2.5-3 um; Striae; 28-30 in 10 [im; Keel punctae: ll-l4 
(mostly 13-14) in 10 um. 
This taxon is similar in shape and to both N. 
subacicularis and N. subrostratoides, but differs from 
N. subacicularis by the shape of the ends and by having coarser 
striae and keel punctae. It differs from N. subro strato ides 
by having more coarse striae. Because of the wide 
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morphological range exhibited by N. subacicularis there is 
confusion between these two taxa. However, N. subrostrata 
lacks capitations completely while N. subacicularis is usually 
illustrated with them. When capitations are lacking in the 
latter there is no difference in the shapes of the valves. 
Both taxa were rarely encountered in the Skunk River. Only 
those specimens which fit the original description exactly 
were identified as N. subrostrata. Both Begres (19,-) and 
Fee (1967) reported it to be rare in their collections. 
Nitzschia subcapitellata Hustedt. 1939. Naturwissenschaft-
licher Ver. Bremen Abh. 31:663-664, figs. IO9, 110. Length: 
50 (j.m; Width: 4-5 (am; Striae: 33-36 in 10 lam; Keel punctae: 
12-14 in 10 (im. Plate III, figs. 1-7; Plate IV, figs. 1, 2; 
pjqt.R v. fip-R, 1-lOî plate VII- fiffR- 1-4. n-Q ?. 
Apparently, Hustedt (1939, 1957, 1959) has provided the 
only illustrated accounts of this diatom in the literature 
(Kalinsky, 1973). In 1959 he expanded the size range of this 
taxon to 40-58 |im in length. In the latter two papers he did 
not illustrate them with striae, and indicated that very finely 
striated individuals are not uncommon. 
This taxon, according to Hustedt (1939), is similar to 
N. capitellata but differs from it by its finer striae, 
slightly concave sides, and by the gap in the middle keel 
punctae. My specimens were usually very finely striated 
(36-38 in 10 (im), very rarely as coarse as 33 in 10 ^m. Most 
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specimens were in the small size ranges (40-^5 long), but 
specimens as small as 22 }j,m were common. The shorter 
specimens often lacked the characteristic concave sides, and 
did not always have the gap in the keel punctae. Therefore, 
at the smaller end of the range this taxon closely resembles 
N. accomodata. To add further confusion, these species often 
occurred together. Lowe (1970) seemingly did not consider 
these shorter forms N. subcapitellata, but as N. accomodata. 
His voucher specimen, RLL 6-7-68 #2, contains a large number 
of specimens I would consider N. subcapitellata because the 
great majority of them have a gap in the keel punctae and 
slightly concave sides. Hustedt's (19^9) illustrations of 
N. accomodata do not show conspicuous gaps in the keel punctae 
or concave sides. My interpretation of this taxon is 
considerably broader than Lowe's (iVYû). Along with 
N. acicularis, N. subcapitellata was the most frequently 
encountered diatom in the epipelic community in the Skunk 
River. It has previously been reported abundant in the Des 
Moines River by Drum (1964), and occasional by Lowe (1970) 
in drainage ditches and common by Shobe (1967) in the Skunk 
River. Schmidt and Fee (I967) and Fee and Drum (1965) 
reported it with no indication of abundance. 
Nitzschia umbilicata Hustedt. 19^9. Explor. Park Nat. Albert, 
Miss. H. Damas (1935/36) 8:129-130, plate 11, fig. 65. Length: 
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35 urn; Width; 8 (im; Striae; 18-20 in 10 (im; Keel punctae: 
8-9 in 10 liin. Plate IV, fig. 4; Plate VIII, fig. 8. 
This diatom has been reported mostly from Africa 
according to Kalinsky (1973); however, it has been found 
recently in Iowa. Fee (I967) reported it common at times in 
Dutch Creek while Hungerford (1971) and Ohl (19^5) considered 
it rare. Lowe (1970) reported the occurrence of N. calida 
Grunow in drainage ditches in Iowa. I have seen both Fee's 
and Lowe's collections and there is no doubt that their taxon 
and the one which occurred in the Skunk River are the same. 
Confusion has arisen as to the identity of this taxon because 
of the poor illustration of N. calida in the literature (Van 
Heurck, I88I). Length, width, striae and keel punctae numbers 
and dimensions are practically identical for the two taxa. 
However, my specimens have a finely striated marginal area 
(36 in 10 (im) which is not illustrated for either taxon. From 
electron micrographs (Plate IV, fig. 4) it is evident that 
there is a double row of striae between the costae which have 
been mistaken for the striations. Where these costae become 
thin at the margin of the valve, the striae become evident. 
Shobe did not report N. umbilicata or N. calida from the 
Skunk River, but reported a similar taxon, N. tryblionella v. 
levidensis (sic) identified from Hustedt (1930). This taxon 
looks very similar to both N. calida and N. umbilicata, but 
according to Hustedt the costae are only 9-I3 in 10 (im, not 
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18-20 as in the former two taxa. Cholnoky (1962, 1968) stated 
that N. levidensis (W. Smith) Grunow (N. tryblionella v. 
levidensis in Hustedt, 1930) was the same as N. calida, 
although he did not indicate the discrepancy in the striae 
counts. It remains possible that Shobe's, Lowe's, and my 
taxa are the same although three different names were used. 
Shobe's collections were not available for examination. 
Nitzschia thermalis (Ehr.) Auserwald ^  Grunow. 1862. Verh. 
K. K. Zool.-Bot. Ges. Wien 12:569. plate 12, fig. 22. Length: 
32-59 p.m; Width: 5-10 (im; Striae; 30 in 10 p,m; Keel punctas: 
8-11 in 10 (im. Plate VI, fig. 1; Plate VIII, fig. 1. 
This taxon is very similar to N. stagnorum Rabh. The 
original description of N. stagnorum differs from N. thermalis 
only in the slightly more coarcc striae (25-26 in 10 urn) and 
keel punctae (6-9 in 10 |j,m) in the former. The general 
morphology of the frustules are basically the same, with 
N. stagnerum usually illustrated as having slightly more 
concave sides. Hustedt (1930) expanded the size range to 
35-100 [a,m in length and described the striae as 28 in 10 (im 
for N. thermalis. Cholnoky (1963) felt that N. stagnorum 
and N. thermalis were the same taxon. Lowe (1970) reported 
N. stagnorum in Iowa drainage ditches. I have viewed his 
voucher specimen (RLL 6-7-68 #2) and determined that his 
specimen and mine are the same taxon. Both Iowa populations 
have individuals with concave sides, but Lowe's population had 
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a greater proportion with concave sides than that in the Skunk 
River. My populations were mostly linear with 28-32 striae in 
10 |iin so I assigned them to N. thermalis. Transition forms 
were present, so I feel further investigation will combine 
these two species. N. thermalis has been reported nine times 
from the State of Iowa and N. stagnorum three times (Dodd, 
unpublished). Shobe (I967) reported N. thermalis but not 
N. stagnorum from the Skunk River. 
Plate I 
Fig. 1. Audouinella violacea 50X 
light micrograph. Note tufted appearance and 
silt deposition in filaments. 
Fig. 2a-d. A. violacea lOOOX 
line drawings of individual cells from one 
filament. Note variety of chromatophore 
shapes and formation of central vacuoles in 
Fig. 2a. 
Fig. 3- A. violacea 4^0X 
light micrograph. Note branching pattern and 
concentration of cytoplasm in the apical cell 
of the main filament and branches. 
Fig. 4. A. violacea 200X 
light micrograph. Note monospore on the end 
of a sftort branch. 
Fig. 5- A. violacea 200X 
light micrograph. Note sparcity of ramification 
on actively growing filaments. 

Plate II 
Fig. 1. Audouinella violacea 700X 
light micrograph showing clustered mono spores 
Fig. 2. A. violacea 700X 
light micrograph showing clustered mono spores 
Fig. 3' A. violacea 700X 
light micrograph. Note branching and vacuole 
formation in cells. 
Fig. 4. A. violacea 700X 
light micrograph. Note irregular 
parietal chromatophores. 
Fig. 5- A. violacea 700X 
light micrograph showing ribbon-like and 
discoid parietal chromatophores 
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Plate III 
S KP 
Fig. 1. Nitzschia subcapitellata ^3-5 3^ 13 
2000X carton replica TEM 
Fig. 2. N. subcapitellata 2000X ^4 34- 13 
carton replica TEM 
Fig. 3- N. subcapitellata 2000X 37 36 1^ 
carbon replica TEM 
Fig. 4. N. subcapitellata 2000X 37 36 
carbon replica TEM 
Fig. 5- N. subcapitellata 2000X 31 36 12-13 
shadowed carbon replica 
TEM 
Fig. 6. N. subcapitellata 1200X 39 38 12-13 
carbon replica TEM 
Fig. 7. N. subcapitellata 1200X 37 37 13 
carbon replica TEM 
Fig. 8. N. capitellata 200CX 51 28 12-13 
carbon replica TEM montage 
Fig. 9. N. capitellata 2000X 33 30 12 
carbon replica TEM 
Fig. 10. Nitzschia sp. 2000X 26 38 13 
carbon replica TEM 
Fig. 11. Surirella angusta 2000X 35.5 22 
carbon replica TEM 
Fig. 12. S. ovata 2000X 28 24 
carbon replica TEM 
Fig. 13. Navicula cincta 2000X 34.5 13 
carbon replica TEM 
= length in um; S = number of striae in 10 jj,m; KP = 
number of keel punctae in 10 (im. 
G) 
!Eg)', 00 
Pig. 1. 
Fig. 2. 
Fig. 3. 
Fig. 4. 
Fig. 5= 
Plate IV 
S KP 
Nitzschia subcapitellata -- 38 
17,000% shadowed carton 
replica TEM 
N. subcapitellata -- 36 
17,000% TEM 
Navicula lanceolata 38-5 12 
3,550% carton replica 
TEM montage 
Nitzschia umbilicata 32 35 
4,400X shadowed carbon 
xcîpxxvja luin iiivii 
Nitzschia hun^arica 58.5 I6 
2000X carbon replica 
TEM montage 
= length in jim; S = number of striae in 10 jam; KP = 
number of keel punctae in 10 (im. 
Ai,^SÎvv----.» 
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Plate V 
S KP 
Fig. 1. Nitzschia subcapitellata 
2000X TEM 
46 36 12 
Fig. 2. N. subcapitellata 
2000X TEM 
39 37 11 
Fig. 3. N. subcapitellata 
2000X TEM 
37.5 36 13 
Fig. 4. N. subcapitellata 
2000X TEM 
37.5 37 14 
Fig. 5- N. subcapitellata 
2000X TEM 
36.5 36 12 
Fig. 6. N. subcapitellata 
2000X TEM 
31 38 12' -13 
Fig. 7. N. subcapitellata 
2000X TEM 
29.5 37 11' -12 
Fig. 8. N. subcapitellata 
2000X TEM 
29.5 36 13 
Fig. 9. N. subcapitellata 
lOOOX TEM 
48 36 12 -13 
Pi-Q - 10. î\î anhon-n 1 Te'i "i 3 ta 
lOOOX TEM 
32 36 12 -13 
Fig. 11. N. capitellata 
2000X TEM 
49.5 30 11 -12 
Fig. 12. N. capitellata 
2000X TEM 
4l 32 11 
Fig. 13. N. capitellata 
2000X TEM 
36 31 12 
Fig. 14. N. capitellata 
2000X TEM 
37 29 12 
Fig. 15. N. capitellata 
2000X TEM 
32 30  12 
Fig. 16. N. accomodata (?) 
2000X TEM 
32.5 36 14 
= length in (.im; S = number of striae in 10 urn; KP = 
number of keel punctae in 10 (im. 
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Plate VI 
S 
Fig. 1. Nitzschia thermalis 2050X 57 3^ 
TEM montage 
Fig. 2. N. -pilum 2050X 
TEM 
Fig. 3. Nitzschia sp. 2050X 27 32 
TEM 
Fig. 4. N. acicularis 2050X ^8 66 
TEM 
Fig. 5. N. palea 2050X 26 ^2 
TEM 
Fig. 6. N. palea 2050X 29 36 
TEM 
Fie. ?. N. frustuXuTii var. 15 26 
perpussila ? 4500X 
TEM 
Fig. 8. Nitzschia sp. 8200X ^-5 30 
TEM 
Fig. 9. N. accomodata 2050X 24 36 
TEM 
Pig. 10. N. camitellata (?) 2050X 25 30 
TEM 
= length in |j,m; S = number of striae in 10 
number of keel punctae in 10 (am. 
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Plate VII 
Fig. 1. Nitzschia subcapitellata 2000X 
this specimen is 10 (am longer than the maximum 
length given in the type description 
Fig. 2. N. subcapitellata 2000X 
"typical specimen" 
Figs. 3-5• N. subcapitellata 2000X 
these specimens are broader and slightly less 
concave than typical specimens, and sometimes 
(Figs. 4, 5) lack a conspicuous gap in the 
keel punctae 
Figs. 6-8. N. subcapitellata ? 2000X 
these specimens are at the extreme short end 
of the size range and have convex rather than 
concave sides and lack the gap in the keel 
punctae 
Fig. 9- N. subcapitellata (N. accomodata ?) 2000X 
this drawing was made from a specimen in 
Lowe's (1970) collection RLL 6-7-68 #2, 
ISU diatom herbarium 
Fig. 10. N. accomodata 2000X 
"typical specimen" 
Figs. 11-12. Nitzschia sp. 23 2000X 
Fig. 13. N. palea ? 2000X 
note irregular spacing of keel punctae 
Figs. 14-16. N. pAlea 2000X 
"typical" specimens showing concave and 
linear sides 
Fig. 17. N. palea ? 2000X 
one valve (illustrated) of the frustule was 
more coarsely striated than the other 
Figs. 18-19. N. capitellata 2000X 
"typical specimens" 
189 
11 
13 1 
Plate VIII 
Fig. 1. Nitzschia thermalis 2000X 
Fig. 2. N. linearis lOOOX 
Fig. 3. N. acicularis 2000X 
Fig. 4-. N. acicularoides 2000X 
Fig. 5. Nitzschia sp. 33 2000X 
Fig. 6. N. frustulum var. ? 2000X 
Fig. 7. N. fonticola 2000X 
Fig. 8. N. umtilioata 2000X 
Fig. 9. Nitzschia sp. 21 2000X 
Fig. 10. Nitzschia sp. 26 2000X 
11. Nitzschia sp. 15 2000X , 
intermediate between N. pilum and N. philipanarum 
Fig. 12. N. linearis 2000X ^ , 
short valve with unevenly spaced keei puncxae 
Fig, 13. Nitzschia sp. 3^ 2000X 
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SUMMARY AND CONCLUSIONS 
1. Three algal communities in the Skunk River were 
studied over a three year period. The epilithon was investi­
gated during calendar year 1972, and the epipelon and plankton 
during 1972, 1974, and 1975-
2. A large proportion of the plankton was composed of 
epipelic diatom genera, notably the genus Nitzschia. Centric 
diatoms were not important members of the plankton except when 
the volume of flow was less than approximately 80 ft^/sec. 
Epilithic species did not appear to be important members of 
the plankton at any time, 
3. Upon comparison of the percent occurrence of 
Nitzschia species in the plankton and the epipelon, Nitzschia 
acicularis was shown to have a greater tendency to become 
planktonic than the grouped remainder of the remaining 
Nitzschia species. 
4. The similarities of plankton and epilithic species 
support the hypothesis that most members of the plankton in 
the Skunk River are of benthic origin. 
5. Plankton populations were usually uniform over the 
entire 50 km reach of the river, regardless of benthic 
substrate. Most variability occurred during low flow condi­
tions. 
6. The total discharge of algal cells roughly coincided 
with Jones (1972) data in which mg chlorophyll a/sec was 
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shown to increase linearly with flow. My data deviated 
greatly from the model during the flood period between 1 and 
21 July 1975, when volumes of flow at first exceeded 1900 
ft^/sec. 
7. Following the flood of 27 June 1975i all algal 
communities appeared to have recovered to pre-flood levels 
by 21 July. 
8. A pattern of seasonal periodicity was established 
for epipelic diatom species. Nitzschia subcapitellata and 
N. acicularis were the dominant summer forms. Surirella 
ovata, Nitzschia dissipata, and N. linearis were primarily 
winter forms. Nine other taxa were most abundant during the 
spring and fall. The dominant epipelic species have for the 
most part been reported previously from a wide range of 
habitats. 
9. The dominant summer epilithic periphyton species in 
the Skunk River (Cladophora glomerata and Audouinella violacea) 
were the same as those reported by Blum (1957) from the Saline 
River, Michigan. Gomphonema olivaceum was the dominant winter 
form in both rivers. The Saline River had a greater abundance 
of benthic blue green algae than did the Skunk River. 
Chlorotylium cataractum was present in the Skunk River but not 
the Saline. 
10. The seasonal periodicity of even dominant taxa was 
not consistent from year to year. Per example, Nitzschia 
19^ 
dissipata and Ulothrix tenerrima were dominant members of 
the epipelon and epilithon, respectively, during 1972, but 
again never reappeared in abundance. 
11. The identification problems of the epilithic red alga 
Audouinella violacea are discussed. The taxon best fits 
Prescott's (1962) and Hamel's (1925) interpretation of the 
' taxon. 
12. The taxonomy of the 11 Nitzschia spp. which were the 
most difficult to identify is discussed. 
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APPENDIX 
Table 20. Chemical and physical date/^ from seven stations along the Skunk River, 
Iowa, taken during 1972. 
Station 1 Station 2 Station 3 Station 4 
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26 FEB 1 1 1 
29 FEB 1 1.8 
5 MAR 
11 MAR 0. 5 0.5 3.0 
18 MAR 
19 MAR 7 2 
26 MAR 4 7 4 
1 APR 920 2.5 1.5 910 2. 5 920 2.5 3 2.5 
16 APR 740 45 15 640 ia 15 725 20 15 2.5 650 15 14 2.5 
22 APR 820 0 9 
29 APR 760 15 12 • 75 760 10 13 710 15 14 1.5 710 20 13 1 
7 MAY 690 500 8 
14 MAY 830 63 750 50 16 5.3 800 60 6.0 800 60 17 6 
20 MAY 850 24 5.3 
28 MAY 500 3.8 85 21 5.3 50 22 5.4 50 4.6 
10 JUN 800 00
 
15.5 2 . 9  185 165 15 4.1 860 195 15 6 900 195 15 6 
17 JUN 890 92 15 2 . 9  905 90 15 4.4 870 110 16 6 880 112 16 6 
24 JUN 905 65 19.5 2 . 7  950 50 21 4.4 920 55 21.5 4.6 6 . 0  
1-2 JUL 900 50 21 2.4 795 10 
15 JUL 760 210 22 3.8 760 175 
29 JUL 910 33 27 2 . 3  905 31 
13-14 AUG 820 85 24 3.8 850 72 
19 AUG 880 
ON 
26.5 1.9 895 59 
25-26 AUG 830 29 21 2.4 770 115 
9 SEP 880 25 18 1 . 8  850 38 
16 SEP 900 59 
24 SEP 900 20 20 2 . 3  900 45 
7 OCT 910 112 12.5 3. 6 910 133 
21 OCT 950 79 9 3.1 930 105 
28 OCT 860 70 
18 NOV 920 4o 5.5 3.1 900 41 
2 DEC 910 32 4 3.0 950 24 
18-19 DEC 950 5 
13 JAN 73 
MEAN 864 91 17.5 2 . 8  820 61 
3.3 830 20 29. 1 4.8 830 20 28 5.5 
• 5 4.1 750 260 24. 5 5. 6 00
 
0
 
0
 
285 25 4 .9 
.5 4.1 840 30 27 2.2 810 28 25 5.5 
• 5 4.1 810 90 24 6 26 6 
4.0 860 60 28. 5 4.0 850 51 29 5.5 
2.9 725 155 20 6 780 21 
• 5 3.0 
3.3 
840 33 19. 5 2.9 800 4o 20 5.2 
• 5 3.0 880 44 19 5.9 920 51 19 5.8 
6 . 0  
0
 
CO 00 
148 13 6 880 128 13. 5 6 
4.0 960 76 7. 5 4.0 960 65 7 6 
.5 2.3 
3-5 890 52 6 6 880 48 6 6 
4.5 40 4 6 925 39 4 6 
4.6 940 15 0 . 5 4.0 925 12 
low 
0 . 
0 
5 5.5 
6 
4.0 843 76 15 5.8 841 69 14 6 
23 
26 
24 
28 
20 
18 
22 
19 
13 
8 
10 
6 
4 
0 
15 
^Cond.--conductivity ((amhos/cm); Turb.--turbidity (JTU); Temp.--temperature (°C); 
Current--current (m/sec). 
Table 20 (continued) 
Station 5 Station 6 
1 9 7 2  . . .  I  .  .  1  g  
1 I f S I I I I 
u EH E-I O O Ë-I I^-I O 
26 FEB 
29 FEB 
5  MAR 0. 5 2  12 
11 MAR 
18 MAR 5 5 
19 MAR 
26 MAR 
1 APR 2.5 1 92 
16 APR 550 3 16 3 590 5 15 1 
22 APR 
29 APR 625 35 15.5 3 690 30 16 .3 
7 MAY 
l^• MAY 895 45 17 1.5 890 70 17 
20 MAY 
28 MAY 230 2.5 170 20 4.2 
10 jun 900 118 15 2.0 725 182 3 . 3  
17 JUN 960 105 14 
24 JUN 860 40 23.7 1.6 870 48 23.3 3.2 
1-2 JUL 800 27 28.8 805 30 26.8 
5 .5 
870 12 12 
690 4 .75 
690 32 • 3 
890 85 13 • 
160 20 2. 6 
725 210 3. 6 
930 110 16 
875 47 20 2. 0 
830 4o 24.8 
15 JUL 790 220 3. 6 825 225 3. 6 
29 JUL 800 5 25. 5 1. 9 825 19 24 3. 6 
13-14 AUG 800 85 27 3. 0 790 98 26 3.8 
19 AUG 810 34 31 2. 9 830 45 30 3.5 
25-26 AUG 675 62 22 3. 3 660 52 22 4.0 
9 SEP 775 35 21. 5 3. 2 820 35 22 2.9 
16 SEP 
24 SEP 850 30 19 2. 9 18 3.8 
7 OCT 905 85 14 3. 8 925 95 14. 5 4.4 
21 OCT 905 55 7 3. 5 940 59 7 3.0 
28 OCT 
18 NOV 860 4o 6 2. 2 850 60 6 2.9 
2 DEC 910 25 4 4. 0 975 34 5 2.9 
18-19 DEC 940 10 0 2.9 
13 JAN 73 
MEAN 806 71 16 3. 0 828 72 15. 4 3.5 
765 175 20 1. 9 
800 28 22 2. 3 
810 115 26 2. 0 
805 42 30 0 
680 57 21 1 . 9 
780 60 22. 5 2. 2 
890 4o 17. 5 2. 9 
920 86 14. 5 3. 0 
905 58 7 1 . 5 
52 6 3. 2 
940 49 5 3. 2 
960 15 0 4. 0 
829 72 16 2 .6  
Table 21. Chemical data determined by the City of Ames Water Pollution Control Plant 
of stations 5 and 6 during the period between 1? February 1972 and 5 
August 1972. All values are in mg/liter except where noted. 
Date 
1972 NH^ NO 2 ^^4ortho 
pH CI BOD^d O2 
17 FEB 5a 
6 
1.8 
14.8 
0 .19 
1 .82 
0.40 
18.5 
22.5 
4o. 0 
3.45 
24. 65 
12.38 
7.25 
25 FEE 4. 50 
9.40 
1 .  12 
2 .50 
1 .'4-8 
11.50 
30.5 
48. 0 
9.23 
17.50 
11.45 
12.83 
29 FEB 5 
6 
3.20 
4. 30 
1.71 
1.80 
4.20 
4. 60 
17.5 
25.0 
11.10 
10.15 
2 MAR 2.86 
3. 10 
3.40 
3.00 
.90 
2 .40 
8 .20 
8.15 
4.86 
7.80 
11.58 
10.64 
18 mar 5 
6 
3.20 
3.30 
4.25 
4.00 
1 . 10 
2.20 
8.30 
8.30 
4.34 
6.67 
11.73 
11.55 
31 mar 5 
6 
8.45 
8.30 
1 .43 
2.39 
12.93 
12.06 
8 apr 5 
6 
8.30 
8. 30 
36.0 
54.0 
3.50 
5.58 
13.70 
12.25 
22 apr 5 
6 
8.50 
8.35 
38.0 
40.5 
3.80 
5.00 
11.95 
10.70 
29 APR 5 
6 
8.35 
8.25 
35 
35 
4.43 
5.51 
10.02 
9.20 
4 may 5 
6 
8.40 
8.30 
32.0 
32.5 
3 .95 
5.74 
10.51 
10.00 
19 may 5 
6 
8 .40 
8.35 
2.11 
4.14 
8.79 
8.02 
25 may 5 
6 
8 .60 
8.30 
3.99 
6.55 
8.72 
7.85 
Temp. 
40°F 
43°F 
32°F 
44° P 
36°F 
44° F 
44°F 
39.5°? 
43 F 
4O°F 
4I°F 
62°F 
62°F 
73°F 
72 F 
82°F^ 
80.5 F 
9 JUN 5 
6 
15 JUN 5 0.5 14. 5 2.0 
6 0.45 1 7 . 0  1 . 5  
23 JUN 5 0.40 13.0 0 .  6 0  
6  15.0 1 7 . 0  0.90 
30 JUN 5 
6  
6  JUL 5 0.25 6.70 0.22 
6  0. 36 6.90 0.83 
13 JUL 5 0.30 5.30 0 .  6 0  
6  0.38 5.4o 1.41 
20 JUL 5 0 . 54 7.30 0.79 
6  0. 65 7 . 0  1.35 
5 AUG 5 0.28 3.65 0.75 
6  0.72 3.95 1.52 
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